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INTRODUCTION
The administrative budget for space research and technology in fiscal 1966
was estimated at $5.1 billion, or about five per cent of estimated total Federal
administrative expenditures. This represents an increase of $200 million in
1966, a relatively small gain compared to the annual increases of about $1 bil-
lion over the past four years, l/ In less than a decade the space effort has
grown from a minor program to a major component of Federal government activity.
It is inevitable that a program of this magnitude will have significant economic
consequences. Since the space program is supported by public funds its budget
has been subject to careful scrutiny. Much less attention has been paid to the
job and income-creating aspects of space research and technology.
It should be evident to even the most casual observer that the space pro-
gram has created thousands of new Jobs, and has generated billlons of dollars of
new income. But what of its impact on a local community? The answer to this
question depends upon a number of variables. Although much of the space pro-
gram is concentrated in a relatively small number of states, the interdependence
of economic activities in the Nation leads to widely diffused income and employ-
ment effects. Most communities probably do not include a "space sector," and
the impact of the space program on such communities is not readily apparent.
The network of sub-contractors, and suppliers to contractors and sub-contractors,
spreads throughout the national economy, and many of the indirect links to the
space program are not easily traced. Even if a community has a space sector,
the measurement of the impact of space and space-related programs on the local
economy requires intensive analysis. The objective of this study is to measure
these impacts on an economy of the latter type -- that of Boulder_ Colorado.
There were several reasons for selecting Boulder as the object of this
study. First, the Boulder economy has fairly well-defined boundaries| it is a
"local" community rather than an indistinguishable part of a larger agglomera-
tion. It is small enough to permit intensive analysis without a major expendi-
ture of research funds. Also, the combined space and space-related sectors in
Boulder are the third largest economic activity in the community.
l ,
-1/h_ Budget in _ief, Fiscal Yea._r 1__, Executive Office of the President,
Bureau of the Budget, Washington: U. S. Government Printing Office (1965), p. 30.
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The present study consists of two parts. Part I is an input-output analy-
sis of the Boulder economy. Its objective was the development of a series of
income and employment multipliers for each sector of the local economy which
would permit accurate estimates of the total income and employment generated in
the community by expenditures on a variety of space and space-related programs.
There was a final reason for selecting an area of the size and industrial
composition of Boulder for this study. Earlier small-area input-output studies
have produced excellent estimates of inter-industry transactions. But to our
knowledge no earlier study has devoted as much attention to the household or
consumer side of the local economy as the present one. One of the hypotheses
which we were interested in testingwas that earlier small-area input-output
studies had overstated the induced effects on local production and income result-
ing from exogenous changes in final demand. The evidence in this study, in our
opinion, clearly supports this hypothesis. The major innovation in Part I was
the development of a new type of income multiplier which we believe has resulted
in more accurate estimates of induced changes in the economy than earlier studies
have produced.
The local impact of any program which affects a community through its final
demand sector will vary significantly with the industrial structure of the com-
munity involved. Large metropolitan areas are expected to show a significant
amount of interdependence among the various sectors of the local economy. An
economy such as that of Boulder is relatively "open," however. That is, there
is a great deal of specialization in a community of this size, particularly one
which contains a major university, and there is heavy reliance on purchases
from elsewhere in the State and in the Nation. A priori, it might be expected
that such a community would show virtually no interdependence. Our study shows
that this is not the case, although the major impacts resulting from exogenous
changes in final demand clearly come by way of the household sector.
The measurement of local impacts involves lengthy and detailed analysis,
and no attempt will be made to sun_arize the analysis here. But the results can
be given in terms of an example. Shortly before the analytical work on this
study was completed, the National Aeronautics and Space Administration awarded
a $9 million contract to one of the establishments in the Boulder space sector.
Assuming that this represented an addition to existing contracts, and ignoring
the capital effects (i.e. assuming that no new plant capacity will be added),
after all the direct, indirect and induced effects have worked themselves out
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the $9 million contract will add an estimated $15.5 million to the total output
of the Boulder economy. Included in this amount is an estimated addition to
household income of $3.6 million which is expected to lead to an estimated in-
crease of 678 man-years of employment. Thus even in a small and relatively open
economy, space expenditures have a substantial multiplier effect.
Part II of the study, which appears in a separate volume, reports the re-
sults of a companion investigation concerned with the development of income and
product accounts for the Boulder area analogous to those reported regularly for
the Nation as a whole. Aggregate income and employment multipliers for the lo-
cal community were also constructed in this part of the study. The data collected
by survey for construction of the basic input-output table were also used in the
development of local income and product accounts. Both the input-output and the
income-product studies required supplementary data taken largely from published
sources, but the two studies draw upon a common body of original data.
It should be emphasized that the two parts of the study are not competitive
in any sense; rather they are complementary. The major difference is that in
Part I the emphasis has been upon disaggregation, while in Part II the approach
has been an aggregative one. It is the hope of the authors of both parts of the
study that at least modest contributions have been made to regional economic
analysis by the concepts which have been developed and statistlcally implemented
in these reports.
The Input-output analysis was carried out under the supervision of the
Project Director assisted by the co-authors of Part I of the report. The income-
product accounts were developed under the direction of Dr. Don Seastone, Associ-
ate Professor of Economics at Colorado State University, and a Research Associate
in the Bureau of Economic Research at the University of Colorado. Both parts of
the s_udywere genuinely team efforts_ however, and the authors of the two re-
ports were assisted by a large number of graduate research assistants, program-
mers, secretaries, and clerical assistants, whose efforts were indispensable to
the successful completion of the project. Finally, a study of this kind could
not have been successfully completed without the cooperation and support of the
Boulder business couuuunity and the many residents who participated in the house-
hold survey. The entire staff of the NASA-Boulder local impact study join the
Director in extending sincere gratitude to the businessmen and residents of
Boulder who devoted so much of their time and cooperated so fully in providing
the basic data upon which the analysis rests.
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The staff members of the NASA-Boulder local impact project are listed on a
preceding page. The authors of the reports gratefully acknowledge the contribu-
tions to this study made by the supporting staff. We are particularly grateful
for the important contributions made by the project consultants who are listed
with the project staff.
Hundreds of businessmen and residents gave unstintlngly of their time, and
provided us with highly detailed and confidential information, but a number of
individuals must be singled out for special mention because without their speci-
fic contributions the business, government and household surveys could not have
been completed. It is a pleasure to acknowledge the contributions to the study
made by the following: Hr. Francis Reich and Mr. Robert Schelling of the Boulder
Chamber of Commerce; Mr. Archie Twitchell, Hr. James Bowers, Hr. Marvin Gause,
Mr. Carl Chapel and Mr. Fred Burmont, representing various departments and agen-
cies of the City of Boulder. From the University of Colorado, Mr. Chester
Winter and Mr. Mark Meredith (Planning Office), Mr. Raymond Johnson (Purchasing
Services), Mr. James Byrum (Data Processing), and Mr. John W. Noaecker (Physical
Plant). Others who provided invaluable data include Mr. Charles Veysey (Director
of Accounting, Boulder Valley School District), Mrs. Mildred Stilley (Administra-
tive Assistant to the Board of County Commissioners, Boulder County), Mr. Thomas
Rizzi (Chief of Fiscal Section, Boulder Laboratories, National Bureau of Stan-
dards); Mr. Horace Brannon and Mr. Stephen Hoskin (National Center for Atmos-
pheric :" ...... _: Mr. R. C. Mercllre..Tr.. Director. and Mr. _. W. Rurkhead.
Controller (Ball Brothers Research Corporation); Mr. E. C. Burns, Vice-President,
and Mr. M. R. Calklns, Auditor (Beech Aircraft Corporation).
While the assistance provided by those named above, and by many others, is
gratefully acknowledged, it is necessary to add the customary caveat that any
errors of interpretation, omission, or of any other kind are the sole responsi-
bility of the authors.
Boulder, Colorado
July, 1965
William H. Miernyk
Project Director
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THE BOULDER ECONOMY IN HISTORICAL PERSPECTIVE,
AND A PRELIMINARY EXPORT BASE ANALYSIS
Events of the late 1940's and early 1950's transformed Boulder, Colorado,
from a quiet University town into a rapidly expanding community with a
diversified economic base. The city was established in 1859 and became a
prosperous supply center and transportation hub for the region's booming mining
industry in the last half of the 19th century. Gold, silver, tungsten and coal,
along with oil discovered in 1901, provided a mineral base which supported the
economy of Boulder until the end of World War I. The region's mining industry
decllned precipitously during the postwar period, however, and Boulder became
increaslngly oriented toward agrlculture, functioning as the supply center for
the irrigated farms of the area. In the period between World War I and World
War II, agriculture provided a stable base for the community's economic
activities, and there was little change from 1920 to 1940.
The changes that did take place during this period were due to the slow
growth of the University of Colorado, which was founded in 1877 but was still a
school of only 4,000 students in 1940. With the influx of veterans after World
War If, enrollment exploded to 8,151 in 1946. The growth of the University
offset continued cutbacks in mining and agrlculturally-orlented employment, so
that tD_ _otal populatlon of Boulder remained virtually stable during the 1940's.
During this period the University had achieved a new position of economic
importance, not only because of the direct effects of staff and student expendi-
tures but also because of its influence on economic development.
During the 1950's, Boulder experienced a period of growth similar to that
of its early history. A number of interrelated factors combined to produce the
boom of the fifties. While cause and effect relationships are hard to identify
in the growth process, the followlng events seem to be partlcularly relevant to
recent developments in Boulder:
1. In 1950, a plot of more than 200 acres of land south of the city was
donated by citizens as a site for the Boulder laboratories of the National
Bureau of Standards. Initially employing 200 individuals, this facility employed
1,250 by 1963 and expects to employ 2,600 by 1970.
2. In the fifties the University continued to grow, and to emphasize
excellence in its academic programs. Graduate offerings were expanded, and new
2programs were introduced in areas related to the scientific-technological revo-
lution of this period.
3. The University and the generally favorable environment of the Boulder
area helped attract research and manufacturing units of several major industrial
firms such as the Dow Chemical Corporation, Beech Aircraft Corporation, and
Ball Brothers Research Corporation.
4. The Denver-Boulder Turnpike opened in 1952, reducing travel time between
Boulder and Denver by one-half. This link removed Boulder from the class of
semi-isolated agrarian communities. Employers in both conmQunities had access to
a larger labor force. Between 1952 and 1963, traffic on this highway more than
doubled -- from 1,655,485 vehicles in the first year of operation to more than
3,500,000 vehicles in 1963.
The direct and indirect effects of the above events were significant.
Population increased from 20,000 in 1950 to 45,000 in 1963. Building activity
increased as residential areas mushroomed beyond the city limits. Five major
shopping centers were constructed producing a three=fold increase in retail
sales and sales space. The economic base of the area was further broadened as
a dozen or more small industrial and research establishments located in or near
Boulder.
"The business and goverrnnental life of the city became a melee of activity.
In ten years the assessed valuation within the city alone quadrupled, as the
number of building permits issued annually more than trebled. This unexpected
growth t--posed a tremendous burden on the governmental agencies of the city:
fire and police protection had to be provided for 1,000 to 3,000 new residents
per year; the miles of streets to be maintained doubled; sewer facilities had to
be replaced with a modern expanded plant; and a new water system was required,
entailing an expenditure of nearly $7.5 million. '_/
The forces of change are still operating in Boulder, with the city
experiencing a period of growth and change unsurpassed in its history. The
following sections of this report contain an analysis of certain quantitative
facts which give measurement to the changes which have taken place, a discussion
of the forces underlying community growth, and a summary of the impact of these
growth forces on the economic and social environment of the conmnmity.
!/Public Fac$1ities Plan and Capital Improvements Program, 196___3-198___S,
City of Boulder (December 24, 1963), p. 7.
MEASURES OF ECONOMIC GROWTH
Economic growth can be measured in several ways. In selecting specific
measures, however, it is important to distinguish between improvement in commu-
nity welfare and growth associated with the aggregate volume of community econo-
mic activity. These two kinds of growth may be termed "welfare growth" and vol-
ume growth." Perloff defines welfare measures as those related to the "better"
aspects of growth while volume measures relate to the "more and bigger" aspects. R/-
It is possible for a community to show substantial growth in terms of total out-
put while providing no discernible improvement in the economic welfare of its
citizens. The opposite can also be true. Boulder's growth, however, has been
equally significant in terms of volume and welfare. Volume measures chosen to
describe Boulder's growth include population, employment and retail sales. Mea-
sures of welfare include median income and income distribution. In this chapter
Boulder's growth will be measured from 1950 to 1960 -- the most recent census dec-
ade, and the decade of most rapid growth in the community during this century.
In some cases data from the 1940-1950 decade will be included for comparison.
Povulation
The population of Boulder has growa consistently throughout its lO0-year
history, but two decades -- 1890 to 1900 and 1950 to 1960 -- stand out as periods
of particularly rapid growth. The largest absolute increase was from 1950 to
1960 when total population rose from less than 20,000 to over 37,000, an increase
not even approached in earlier decades (see Chart I-1).
From 1940 to 1950, a substantial increase in University enrollment offset
a decline in "resident" population to produce a small gain in total population.
Rising student enrollment accounted for only a small part of the increase in
total Boulder population between 1950 and 1960, however. During this period,
"resident" population more than doubled (from 11,133 to 27,420) while student
population increased by less than 1,500 (see Table I-1). _/ As a result,
_/Harvey S. Perloff, e__t a_!l. , Re_ions, Resources and Economic crowth,
Johns Hopkins Press (1961), pp. 3-4.
_/The student enrollment gain of 1,500 actually understates the increase
attributable to rising enrollment since many of the students entering the
University during this decade were married and some had children. The definition
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TABLE I-I
CITY OF BOULDER POPULATION AND l
UNIVERSITY OF COLORADO FALL ENROLLMENT 1860-1963 al
"Residentia_ CU student . Total Percentage
Year ,,,population =. _opulation &/ population increase
1860 217 - - -
1870 343 - - -
1880 3,069 13 3,082 -
1890 3,330 70 3,400 10.3
1900 6,150 475 6,625 94.9
1910 9,539 1,310 10,849 63.8
1920 11,006 2,112 13,118 20.9
1930 11,223 2,943 14,166 8.0
1940 12,958 3,846 16,804 18.6
1950 11,938 8,061 19,999 19.0
1960 27,420 10,298 37,718 88.6
1962 30,380 _d/ 12,266 _/ 42,646 13.1
1963 32,962 _/ 12,538 _/ 45,500 7.7
Z/Public Facilities Pla___n an__d Capital _mprovements _o_K_. , _963y_985, City
of Boulder (December 24, 1963).
_/AII residents within city limits less University students, Wives and
children of students are considered "residents."
_/Only students residing within city limits.
n/City Planning Board estimate.
k/Revised Fall Term Enrollment Pro lection --i_i_ t..qolg._72-- Boulde...._rgampus,
November 15, 1962, University of Colorado Planning Office.
_/1964-1965 Budget Request, University of Colorado,
6"residents" accounted for 73 per cent of the population of Boulder in 1960
compared to 56 per cent in 1950.
Most of the 1950-1960 increase was due to a net migration of population
into Boulder. Only 45 per cent of population growth during this decade was
due to natural increase (excess of births over deaths); the remaining 55 per
cent of the increase was due to net in-migration. _/- Of the 1960 residents of
Boulder five years of age or older, over half had moved to Boulder since 1955
from a different county, and more than one-third of the 1960 residents of the
city had moved to Boulder from outside Colorado (see Table 1-2).
TABLE I-2
RESIDENCE IN 1955 OF ALL BOULDER RESIDENTS FIVE YEARS OF
AGE OR OVER
Population five years old or over, 1960
Lived in same house 1955 and 1960
Lived in different house in 1955
Same county
Different county, same state
Different state
Lived abroad (outside continental U. S.)
Moved, residence in 1955 not reported
Per cent
Number O_total
33,909 I00.0
8,944 26.5
6,697 19.7
5,193 15.3
11,767 34.7
896 2.6
412 1.2
Source: U__=.S_.=.Censusof Population, General Socia__landEconomlc Characteristlcs,
Colorado, 1960.
of "zesldent" includes wives and children of students, and to this extent the
"resident" population gains are overstated. Even with this slight modification,
however, the increase in non-student population was clearly responsible for
most of the total population increase.
_/Public Facilitie§ Pla____hand Capital Improvements Program, 196..__3-1985,
or. cir.
The rate of population's growth in Boulder from 1950 to 1960 outstripped both the
national and state growth rates. _ile the United States and Colorado showed
gains of 18.4 and 32.4 per cent respectively, Boulder's population was growing
at a rate of over 88 per cent.
TABLE I-3
POPULATION, UNITED STATES, COLORADO AND BOULDER, 1950 AND 1960
Continental United States
Colorado
Boulder
Per cent
1950 1960 .change
150,697,361 178,466,732 18.4
1,325,089 1,753,925 32.4
19,999 37,718 88.6
Source: U. S. Census of Population, General Social and Eco_omic ChaFacteristics,
_. S. Summary and Colorado , 1950 and 1960.
The rapid increase in Boulder's population led to significant changes in
the boundaries of the city. During the first half of the century, the limits
of the city changed only slightly to accommodate the slow growth of population.
From 1950 to 1960, however, the area of the city limits more than doubled --
from 3.1 square miles in 1950 to 7.3 square_niles in 1960 (see Figure I-1).
The geographic area increased at a greater rate than population, and this led to
a moaest reduction in the density of population in Boulder between 1950 and
1960.
Employment
Employment increases in Boulder from 1950 to 1960 roughly paralleled gains
in populatlon. Average annual employment nearly doubled between 1950 and 1960.
The rapid growth of employment in Boulder may be demonstrated by comparisons
with Longmont, a neighboring city in the county. In 1950, Boulder's annual
FIGURE I-i
BOULDER EXPANSION, 1908- 1960
CM"" "" "o
1908
AREA -- 2.7 SQUARE
--_j POPULATION m8,872
MILES
1946
AREA--2.7 SQUARE MILES
POP ULATIONmlT,15B
JuLY I, 1962
AREA-- 9.2 SQUARE MILES
POPULATION --- 4|,S4S
I
"'1
_, 1950
o-_ _r"_ AREA--3.1 SQUARE
Y POPULATION -- 190999
MILES
1960
AREA--'7.3 SQUARE MILES
POPULATION m 37,71a
Source: Boulder City Planning Board
9average employment exceeded that of Longmont by about 800. In 1960, employment
in Boulder was almost twice that of Longmont (see Table I-4 and Chart I-2).
As in the case of population, the rate of growth of employment in Boulder
was more rapid than in Colorado and the Nation. Total employment in Boulder
increased from 6,768 in 1950 to 14,141 in 1960 -- a gain of I09 per cent.
Comparable data for the United States and Colorado show increases of 14.5 and
31.4 per cent, respectively (Table I-5).
The rapid growth of total employment in Boulder from 1950 to 1960 was
accompanied by changes in the composition of employment and the characteristics
of the workers. There were shifts in the industrial composition of the work
force, the degree of specialization in the Boulder economy, the importance of
various sectors of the economy, the occupational status of employed workers,
and the educational level of adult residents of the community.
Table I-6 and Figure I-2 show that between 1940 and 1960 employment in the
city became more diversified. From 1940 to 1950, the trend was toward more
specialization of employment, but this trend was reversed after 1950 and Boulder
became an area with a greater diversity of employment opportunities than it had
been in 1940. In Figure I-2, the diagonal line represents equal employment in
all sectors -- perfect diversification. The line showing cumulative employment
in 1950 diverges farthest from this line. The 1960 line, however, has shifted
back toward the diagonal signifying less reliance on one or two major sectors
of the economy.
Table I-8 and Figure I-3 show total employment distributed among 14 sectors.
The table shows that all sectors of the local economy, except the extractive
sector, grew in absolute terms from 1950 to 1960. Fewer than half matched the
average rate of growth for all sectors combined. Figure I-3 also compares the
growth of each sector in the city with the same sector's stateDIde growth rate.
The dotted horizontal llne denotes the average growth for all sectors in the
state -- 31.5 per cent. The dotted vertical line shows the average growth of
all sectors in Boulder -- 108.5 per cent. The two dotted lines divide the
graph into four quadrants. Quadrant i includes all sectors which have grown at
a faster rate than the averages in both the city and the state. These are the
sectors of greatest growth -- public educational services; finance, insurance
and real estate; professional services; manufacturing and public administration.
Quadrant 2 shows the sectors which have statewlde growth rates above the
average, but the Boulder sectors did not match the average rate of city growth.
Quadrant 3 includes all Boulder sectors which grew at a rate less than either
i0
TABLEI-4
AVERAGEANNUALTOTALEMPLOYMENTIN BOULDER AND LONGMONT, 1950-1962
Yea___K Boulder Lonn_mont
Difference between
Boulder and LonKmont
1950 8,265 7,462 803
1951 9,350 7,919 1,431
1952 9,977 8,421 1,556
1953 10,336 8,205 2,131
1954 13,259 7,151 6,108
1955 13,455 7,475 5,980
1956 13,692 8,183 5,509
1957 13,879 7,740 6,139
1958 13,779 7,858 5,921
1959 14,415 8,123 6,292
1960 15,405 8,030 7,375
1961 16,285 8,365 7,920
1962 17,095 8,675 8,420
Source: Colorado State Department of Employment, Denver, Colorado.
0
12
TABLE I-5
EMPLOYMENT AS OF APRIL I OF CENSUS YEARS IN UNITED STATES,
COLORADO AND BOULDER, 1950 AND 1960
1950 1960
United States 56,239,449 64,371,634
Colorado 476,644 626,769
Boulder 6,768 14,141
Per cent
increase
14.5
31.4
108.9
Source: U. S. Census of Population, General Social. and Economic
Characteristics, U. S, Summaz T and Colorado, 1950 and 1960.
TABLE I-6
EMPLOYMENTBY SECTOR FOR ALL EMPLOYED PERSONS 14 YEARS OLD OR OVER
RESIDING IN THE CITY OF BOULDER AS OF APRIL 1, 1940, 1950 AND 1960
13
1940 , 1950 ,,, 1960
Number Per cent N_ber 'Per cent Number' Per cent
employed o£ total emvloyed of tqCal emnloyed o£ t,otal
Primary industries
Agrlcultur_/
Extractive =.
419 9.2 157 2.3 242 1.8
96 2.1 73 1.1 161 1.1
323 7.1 8/, 1.2 81 .7
Secondary industries
Manufacturing
Construction
508 11.4 941 13.9 2,362 16.8
183 4.2 404 6.0 1,506 10.7
325 7.2 537 7.9 856 6.1
Trade sectors 976 21.6 1,470 21.7 2,656 18.7
Wholesale 76 1.7 136 2.0 205 1.4
Retail 900 19.9 1,334 19.7 2,451 17.3
Semi-public 324
Transportation 126
Communications and
other utilities 198
7.2 442 6.5 632 4.5
2.8 158 2.3 191 1.2
4.4 284 4.2 441 3.1
Private Services 1,385 30.7 2,031 30.0 4,035 28.5
F.I.R.E_" 175 3.9 260 3.8 696 4.9
Business and repair 128 2.9 222 3.3 407 2.9
Domestic 245.. 5.4 216 3.2 545 3.9
Pro£es_xonal _/ 364 _/ 8.0 567 8.4 1,205 8.5
Other w 473 10.5 766 11.3 1,182 8.4
Government services 848 18.8 1,670 24.8 3,915 27.7
Educational 67_ / 15.0 1,405 20.9 2,818 19.9
Public administration 172 3.8 265 3.9 1,097 7.8
Industry not reported 51 1.1 57 .8 299 2.1
Total 4,511 6,768 14,141
_/Includes mining, £orestries and £isheries.
_/Finance, insurance and real estate.
C/Includes medical and other health, educational (private), and other
pro£essional (also hospitals in 1960).
i/Estimated -- no breakdown available in 1940 Census.
!/Includes hotels and lodging places, other personal services, entertainment
and recreation; also wel£are, religious and non-progit organizations in 1960.
Source: _. S. Census o__Povulat_on, General Economic a_Soc_a_ Charac_e_i_cics,
_olorado, 1940, 1950 and 1960.
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TABLE I-8
PER CENT GROWTH IN EMPLOYMENT BY SECTOR, CITY OF BOULDER AND
STATE OF COLORADO, 1950AND 1960
State of Colorado
16
City of Boulder
Per cent Per cent
Number employed increase Number employed increase
Sector 1950 1960 1950-1960 1950 1960 1950-1960
Agriculture 73 161 120.8 71,760 47,852 - 32.8
Extractive 84 81 - 3.6 10,934 15,058 38.7
Construction 537 856 59.4 38,080 44,179 16.0
Manufacturing 404 1,506 272.4 58,896 98,887 67.9
Transportation 158 191 20.9 29,698 29,726 1.0
Comm., utilities, etc. 284 441 55.3 15,847 20,222 27.6
Wholesale trade 136 205 50.7 19,348 24,781 28.1
Retail trade 1,334 2,451 83.7 80,435 103,119 28.2
Services (private)
F.I.R.E. 260 696 167.7 16,942 29,562 74.4
Professional 567 1,205 112.5 28,336 47,521 67.7
Other 1,204 2,134 77.2 30,740 38,122 24.0
Services (government)
Educational 1,405 2,818 100.6 17,907 33,960 89.6
Public
administration 265 1,097 314.0 26,576 40,523 52.5
Industry not reported 57 299 424.5 7,148 21,182 196.3
Total 6,768 14,141 108.5 476,538 626,769 31.5
Source: U. S. Census of Population, General Social and Ecgnomi¢ CharacterSs_iqs,
Colorado, 1950 and 1960.
096_-0_6I ',T/_O"/_ _T.V_,S _. It,T_
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the state or the Boulder averages -- wholesale and retail trade, coumanications
and utilities, construction, transportation, and other services. Quadrant 4,
which includes no actual entries, would delineate those sectors which grew faster
locally than the city average but which could not match the average state growth
rate. A diagonal 45-degree line from the origin would mark the points at which
the statewide growth of the sector was equal to the growth of the sector in
Boulder. As can be noted, all sectors except the extractive sector grew at
faster rates in Boulder than in the state as a whole.
Changes in the occupational composition of the Boulder labor force are
summarized in Table I-9 and the two charts following this table. Of the eleven
occupational classes reported, all but one -- farm laborers and farm foremen --
increased in size. But again, not all occupational classes grew at the same
rate (see Chart I-4).
The average growth from 1950 to 1960 of all occupations in Boulder was 95
per cent. Five occupations grew at a faster rate: (a) professional, tochnical
and kindred workers, (b) managers, officials and proprietors, (c) clerical
and kindred workers, (d) private household workers and (e) other laborers.
As a result of these varying growth rates, four occupational classes increased
their share of total employment from less than 40 per cent in 1950 to almost
50 per cent in 1960 (see Chart 1-3).
Between 1950 and 1960, the educational level of the adult population of
Boulder rose significantly. This was partly due to the growth of the
University faculty and partly to the influx of professional and technical workers.
By 1960, almost 30 per cent of the adult population of Boulder had completed
at least four years of college, and over 75 per cent had completed high school.
In 1950, only 63 per cent had completed high school and 23 per cent had completed
at least four years of college. As Table 1-10 and Chart 1-5 show, the level
of educational attainment in Boulder has consistently been above the average for
the state as a whole.
Welfare Growth
Median income -- During the growth decade discussed in the previous
section, Boulder residents enjoyed a significant increase in median income --
from $3,177 in 1950 to $5,385 in 1960. Furthermore, this increase surpassed
that of the State and the Nation. Chart I-6 shows that the median income in
1949 of residents of Boulder, Colorado, and the Nation, were roughly comparable.
Dur_lg the next ten years the median income of Boulder residents increaked
almost 70 per cent while the income of residents of the State and the Nation
went up less than 50 per cent.
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TABLE 1-9
GRO_EH IN EMPLOYMENT BY OCCUPATION CLASS, CITY OF BOULDER,
1950 TO 1960
Professlonal, technlcal and kindred
Farmers and farm managers
Managers, offlcials and proprietors,
excluding farm
Clerlcal and kindred workers
Sales workers
Craftsmen, foremen and kindred
workers
Operatives and kindred workers
Private household workers
Service workers, except private
household
Farm laborers and farm foremen
Laborers, except farm and mine
Oemq_tiou not reported
1950 1960
Tota__._!lPer cent Tota_..__1Per cent
1,425 19.7 3,567 25.2
32 .5 47 .3
Per cent
increase
1950-1960
150
47
825 11.4 1,650 11.6 I00
918 12.7 2,280 16.1 148
610 8.5 1,139 8.1 87
782 10.7 1,477 10.4 89
609 8.4 945 6.7 55
183 2.5 463 3.3 153
1,079 14.8 1,675 11.8 55
264 3,6 46 .3 "83
41 .6 462 3.3 1,026
480 6.6 390 2.9 -
Total 7,248 I00.0 14,141 I00.0
Source: _. _. Census o._fPQpu_ati?_, General Soci8 _ a ndEcouomi _ Characeerlstlcs,
Colprado, 1950 and 1960.
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TABLE 1-10
YEARS OF SCHOOL COMPLETED BY PERSONS 25 YEARS OF AGE OR OVER,
BOULDER AND STATE OF COLORADO, 1940, 1950 AND 1960
1940 1950 1960
Per Per Per
Boulder Number cen___t Number cen__t Number cen___t
Total number of
persons over 25 8,088 I00.0 10,440 I00.0 17,901 I00.0
No school 45 .6 45 .4 36 .2
I-4 years 229 2.8 265 2.5 145 .8
5-6 years 373 4e6 260 2.5 309 1.7
7-8 years 2,130 26.3 1,830 17.5 2,019 11.3
9-11 years 1,367 16.9 1,270 12.2 1,917 10.7
12 years 1,650 20.4 2,175 20.8 4,485 25.1
13-15 years 1,015 12.6 2,025 19.4 3,641 20.3
16 years and over 1,261 15.6 2,405 23.0 5,349 29.9
Not reported 18 .2 165 1.6 - -
State of Colorado
Total number of
persons over 25 637,936 100.0 757,395 I00,0 940,803 I00.0
No school 14,840 2.3 12,100 1.6 11,046 1.2
1-4 years 42,366 6.6 41,340 5.5 33,056 3.5
5-6 years 50,998 8.0 45,870 6.1 42,200 4.5
7-8 years 216,187 33.9 192,710 25.4 197,308 21.0
9-11 years 103,850 16.3 123,140 16.3 167,950 17.9
12 years 113,771 17.8 179,215 23.7 272,027 28.9
13-15 years 50,506 7.9 81,185 10.7 116,499 12.4
16 years and over 37,752 5.9 61,645 8.1 100,717 10.7
Source: _. _. Ceus9_. of Populatio n, General SocialandEcpnomic Characteristics,
Colorado, 1940, 1950 and 1960.
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TABLE I-II
MEDIAN FAMILY INCOME, BOULDER, STATE _ COLORADO
AND UNITED STATES, 1949-1959 ='
Per cent
194_.__9 195____9 change
United States 3,073 4,532 +47.5
Colorado 3,069 4,627 +50.8
Boulder 3,177 5,385 +69.5
K/Median income stated in 1947-49 dollars, based on Consumer Price Index
of 124.9 for July 1959.
Source: U. S. Census of Population, General Social andEconomlc Characteristics ,
U. _. Summary and Colorado, 1950 and 1960.
Income distribution -- Chart I-7 and Table 1-12 show a smaller percentage
of Boulder families in the lower income groups than in the State and the Nation.
The chart shows that almost 60 per cent of Boulder families earned at least
$6,000 in 1959 while this was true of fewer than 50 per cent of all families in
the State and Nation.
Figure I-4 and Table 1-13 show that during the growth decade there were some
changes in the distribution of income. The diagonal line of Figure I-4, which is
a Lorenz diagram, represents perfectly equal distribution of family income. The
diagram shows that income was somewhat more evenly distributed at the lower and
upper ends of the income scale in 1949 than in 1959, but there was a tendency
toward greater equality of income distribution in the middle range in 1959. The
modest shift in income distribution during the decade Is not as significant, from
a welfare point of view, as the substantial increase in average family income.
In 1949, for example, almost 41 per cent of Boulder families had an income of
less than $4,000. After adjustment for price changes_ this was true of only 7.6
per cent of the families in the community in 1959. As Chart I-6 shows, Boulder
became a relatively "high-income" community during the growth decade of the 1950's.
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TABLE 1-12
PERCENTAGE DISTRIBUTION OF FAMILIES BY INCOME LEVEL,
UNITED STATES, COLORADO AND BOULDER, 1959
Family income levels
Continental U. S.
as a per cent
of total
State of Colorado
as a per cent of
total
Boulder as
a per cent
of total
Under $2,000 13.1 9.6 6.0
$2,000 - 2,999 8.3 8.7 6.5
$3,000 - 3,999 9.5 9.8 8.3
$4,000 - 4,999 Ii.0 11.7 8.4
$5,000 - 5,999 12.3 13.1 11,4
$6,000 - 6,999 10.7 11.3 12.9
$7,000 - 9,999 20.1 21.2 25.6
$I0,000 and over 15.0 14,6 20.9
Total i00.0 I00.0 I00,0
Source: U. S. Census of Population, General _@¢!a_ and Econpmlc CharacteFis_ics,
Co!orado, 1950 and 1960.
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THE CAUSES OF COD_JNITY GROWTH -- A PRELIMINARY ANALYSIS
The preceding discussion has shown that Boulder has experienced substantial
growth -- in both welfare and volume terms. It is not enough to know how much
a cou,nunity has grown, however, when an impact study is being made. The causes
and character of growth must be analyzed in determining the impact of specific
activities on the local economy. A first step in the analysis of the growth of
an urban area is identification of the forces which induced growth. This can be
done in a number of ways. One approach, which is somewhat controversial, is to
make use of economic base theory as a "point of departure. '_/-
A postulate of economic base theory is that the growth of a community depends
on the local sectors which export goods, services or capital to consumers outside
the urban area. _/ This export or base activity will result in payments to the
locality from without, such payments then being available for the purchase of
goods and services produced locally. Thus employment and income derived from
export activities will induce employment (and consequently income) in the service
sectors of the local economy. In brief, the introduction of base or export
_/W. Isard, Methods of Regional Analvsls: An Introduction tooReglonal
Science, Cambridge, Massachusetts: M.I.T. Press (1960). Isard does not deny the
usefulness of the economic base study, but stresses the necessity of supplement-
Ing it with other types of regional analysis emphasizing that "even in a static
sense_ economic base analysis falls far short of the goal of complete economic
understanding of a city or region," (footnote, p. 199). See also_ Perloffp Dunn_
Lampard and Muth, Regions, Resources , and Economic Growth_ Baltimore: Johns
Hopkins Press (1960), where it is noted that although the export base theory
"clarifies important features of regional growth," two major limitations appear.
First_ they are "partial in scope and overlook other equally significant aspects
of regional economic growth" and secondly, the theory deals with "classifications
which . . . are too aggregate for analysis in depth," (p. 60). For further dis-
cussion see Hans Blumenfeld, "The Economic Base of the Metropolis_" Journal of
th_._eeAmerlcan Institute o_fPlanners, Vol. 21 (Fall, 1955); Federal Reserve Bank of
Kansas City, "The Employment Multiplier in Wichita," Monthly Revlewj Vol. 37
(September 1952); Homer Hoyt_ The Economic Base of the Brockton, Massachusetts
Area_ Brockton, Massachusetts (1949); Charles L. Leven, "An Appropriate Unit for
Measuring the Economic Base," Land Economlcs_ Vol. 30 (November 1954); Leven,
'_4easurlng the Economic Base,"_a_and Proceedings o__fth___eeRe_ional Science
Agsoclatign _ Vol. 2 (1956); and Morgan D. Thomas, "The Economic Base and a Region's
Economy," Journal of the American Institute of Planners,. Vol. 23, No. 2 (1957).
_/The specific boundaries of the urban area must be clearly defined. "Ex-
ports" then mean the transmittal of goods and services to any point outside this
area. In the case of Boulder the city limits have been used_ recognizing that
these boundaries changed drastically from 1940 to 1960.
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activity into a local economy will result in additions to employment greater
than the number of jobs provided by the base activity itself. For this reason,
base activities or industries are credited by advocates of the economic base
theory with the gro_h of a community and are labeled "the forces of growth. '_/-
In the analysis to follow base industries will be separated from service
industries, and a preliminary assessment of the impact of these base activities
upon the Boulder econo=j will be made. _/-
How Are The E Measured?
Before an attempt can be made to classify all sectors of the Boulder
economy into either "basic" or "service," a decision must be made about the
parallel problem of the unit of measurement. The sectors of an economy can be
measured in a variety of ways; income, employment, value added and sales have
been used, and the adoption of a particular measure in a given situation will
depend upon the availability of data and the use to which the study is to be
put. _/- While no single measure of growth is completely satisfactory, employment
Z/This is net to suggest that base employment is the only stimulus to
growth. A 1946 publication of the Cincinnati City Planning Commission, Economy
of th___eAre__a.,states that "growth is also induced through increasing real incomes."
(Cited by RichRrd B. Andrews, "Mechanics of the Urban Economic Base," The Tech-
niques of Urban Economic Analysis, Ralph W. Pfouts (ed.), Chandler-Davis (1960),
p. 14.) But Charles Tiebout, in his Community Economic Base Study, Supplemen-
tary Paper No. 16, for the Committee for Economic Development (1962), states
that: "Export m_rkets are considered the prime mover of the local economy.
If employment serving this market rises or falls, employment serving the local
market is presumed to move in the same direction," (p. 13). It should also be
noted that some service employment is needed to support other service activi-
ties.
_/In the absence of universal agreement on terminology with respect to the
two kinds of urban employment, the terms "basic" and "service" will be employed
throughout this section as a matter of convenience. Earlier economic base
studies have variously termed these two broad sectors of economic activity as
"primary" and "_uxiliary," "urbRn growth" and "urban service," "town builders"
and "town fillers," and "exogenous" and "endogenous," among others. See
Richard B. Andrews, "Mechanics of the Urban Economic Base: The Problem of
Terminology," The TecbnJq__gf Urban Economic Analysis, R. W. Pfouts (ed.),
o_. ci.__t.,for an excellent discussion of terms used. It should also be noted
that "exogenous" a_d "endcgenous" are not used in the same sense in economic
base analysis as they are in input-output analysis.
_/Charles M. Tiebout, The Community Economic Bas._eStudv, Supplementary
Paper No. 16, New York: Committee for Economic Development (December 1962), p.
45. A concise discussicn of the advantages and limitations of the measures
noted is included in this source.
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has been widely used by others and it is the measure used in this preliminary
10/
arialys is .m
What Are They?
The basic sectors of an economy are not self-evident. Their separation
from the service sectors of the economy can be accomplished arbitrarily, but
only at some risk to the credibility of the analysis. A major problem of
separating basic from service employment grows out of the fact that most
industries cannot be classified entirely as one or the other. II/ Other
problems involve the identification of direct and indirect ties to export
markets, h-£_/'"the various difficulties inherent in the definition of the
geographical area, and some special difficulties related to commuters or the
location of government and educational facilities in the community. 13/
A rather complete inventory of the techniques employed to separate basic
from service sectors of a community would include: the assumption approach, the
use of location quotients, the minimum requirements technique, the measurement
of commodity and money flows, and direct survey of the local economy. Of the five
methods, the first three are considered to be indirect and the last _wo
direct, i__4/
IO/R. B. Andrews, op. ci__._t.,makes the point that the most appropriate
measure may be employment, but its inadequacies should be offset by the use of
other measures in addition. Probably the greatest limitation to the use of
employment is its almost total disregard of capital export. Charles L. Leven,
in his Theory and Method of Income and Product Accounts, Pittsburgh: Center for
Regional Economic Studies (1958), notes the drawbacks in the use of employment
as a unit of measure, but describes its use as "... the least serious short-
coming of economic base theory . . ." (p. 9).
II/R. B. Andrews, "b_chanics of the Urban Economic Base: General Problems
of Base Identification," Techniques of Urban Economic Analysis, R. W, Pfouts
(ed.) (1960), p. 83.
12/See Charles M. Tiebout, Comnunity Economi c Bas_._e_, oR. ci__.%t,,
pp. 30-31, for discussion of this problem.
l_3/See Waiter Isard, Methods of Regional Analysis: An,lntrQdu@tion t_Ro
ReRional Science, op. ci..__t.
IA/
---_'Charles M. Tiebout, o__. ci___!t.See also, R. B. Andrews, o__. cir. Andrews
considers three techniques -- the residua_macrocosmic, and sales-employment
conversion methods. These are subsumed in the broader categories defined by
Tiebout.
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_hile the direct methods effectively sidestep certain limitations found in
the indirect methods, they are more expensive and time-consuming. Consequently,
only indirect methods are feasible for a preliminary analysis and of these
methods the use of location quotients appeared to be most appropriate. 15/
The criticisms of this approach need not be detailed here.I-6/ The assumption
of uniform demand and productivity, and the problems of product-mix represent
significant limitations to the location quotient technique. 17/ Given the
available data, however, the location quotient approach appears to be the most
dependable of the indirect methods. It yields a reasonable estimate of export
activity in the Boulder economy which can be compared with the results of the
more rigorous analyses to follow.
Briefly, the method employed is based on the assumption that a locality is
balanced (no exports or imports) if the industrial composition of local employ-
ment matches that of the Nation. In the local sectors where this is not true,
the community must export or import goods or services. Consider a hypothetical
example where emplo_nent in the local electrichl machinery industry accounts for
25 per cent of tot_l local employment, and national employment in the same
industry accounts for only five per cent of total national employment. It is
assumed in this case that four-fifths of the output of the local electrical
machinery industry would be exported.
Leaving aside, for the moment, the limitations of the method -- what were
the results of its application to Boulder? Table 1-14 shows total employment
in Boulder, the estimated per cent of total employment classified as basic, and
the number of basic workers in various sectors. Table 1-16 sunm_rizes the
disaggregated data and reports the changes which occurred in the basic and
service sectors between 1940 and 1960.
l-_5/The minimum requirements technique is a variation of the location
quotient method. As such, its use was not considered sufficiently advantageous
to merit the additional effort required, even though its use promised to be a
modest improvement on the location quotient method. The assumption method will
be used as a supplement to focus on specific areas of the local economy.
l--6/See Tiebout, Leven, Isard, and Andrews, op. ci__._tt.
l-_7/The assumptions inherent in the method contribute to an underestimation
of exports. This under-statement may be serious in specific industries_ and will
generally be larger in smaller communities. See R. B. Andrews, o__. cir. P.D.
Mc Govern, drawing upon direct survey data in the Vancouver, Washington area,
compared results obtained through the use of location quotients with results of
34
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TABLE 1-15
BOULDER EMPLOYMENT IN SPACE, ATOMIC AND RELATED FIELDS, 1960
Ball Brothers Research
Beech Aircraft
Dow Chemical
National Bureau of Standards
Total
Total
Secto___r employment
Manufacturing 200
Hanufacturlng 236
Manufacturing 1,913
Public
administration I, 150
3,499
Employees
l,ivin_, _n ,,Boulder
16oA/
188s/
574 -b/
920-%I
1,842
a/Estimate assumes 80 per cent of total employees reside in Boulder.
b--/Dow Chemical estimate.
Source: Boulder Chamber of Connerce, Survey of Major 1960 Payrolls.
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TABLE 1-16
BASIC AND SERVICE EMPLOYMENT, BOULDER, 1940 TO 1960
1940
1950
1960
Total Basic Service Basic-Service
employment employment employment ratio
4,511 1,837 2,674 1:1.46
6,768 2,761 4,007 1:1.45
14,141 5,755 8,386 1:1.46
Change from
1940 to 1950 2,257 924 1,333 1.44
Change from
1950 to 1960 7,373 2,994 4,379 1.46

38
In the three years studied, export activity accounted for approximately
40 per cent of total employment in the Boulder economy. Thus one would expect
that the introduction of one "basic" job into the Boulder economy would result
in the addition of about 1.5 "service" jobs. The baslc-service ratios of
Table 1-16 approximate 1:1.5, and are quite stable over time. They suggest that
the "multiplier" of 1.5 is a reasonable first approximation to the impact of a
new basic activity on the Boulder economy.
Impact of Exq_enous Growth on the Boulder Economy
It has been hypothesized that the growth of an urban economy is a function
of growth in the basic sectors. And the basic sectors of the Boulder economy
experienced considetable growth from 1950 to 1960. What was the impact of this
growth? First, it i,_ evident that growth in basic employment stimulated growth
in service employment:. In the twenty year period, basic employment (export
activity) increased from 1,837 to 5,755 -- a total of 3,918 new "basic" jobs.
At the same time, service employment increased from 2,674 to 8,386 -- a total
of 5,712 new jcbs. Although these figures are based in part upon arbitrary
estimates of "bRsic" e_ployment in manufacturing, space and space-related
activities, they support the estimated aggregate "multiplier" of 1.5. Shifts
in the relative importance of basic activities are summarized graphically in
Chart I-8. It is clear from this chart that the composite sector labeled
"Space, atomic and related fields" provided much of the thrust to the rapid
growth of Boulder in the 1950's.
In general, increasing employment results in increasing total income. It
does not necessarily follow, however, that this will mean an increase in family
income -- a measure of welfare discussed in a previous section. It is also not
necessarily true that improvement in welfare, direct or indirect, will result
from an increase in b_sic employment. However, the nature of employment in the
basic sectors of Boulder suggests such a relationship. Most of the increase in
basic employment has been in the space industries, the National Bureau of Stand-
ards, and the University of Colorado. Their employees include substantial num-
bers of scientific, technical and professional personnel, whose incomes tend
to be high relative to local, state and national averages.
the direct survey. He concluded: "Tests have shown that the location quotient
method, among others, identify correctly only about two-thirds of the principal
exporters and basic industries . . ." See "Identifying Exporting Industries,"
Journal of th_.__eAmerican Institute of Planners, Vol. XXVII, No. 2 (1961), p. 150.
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Another impact produced by the increase in basic employment is the change
in composition of the labor force. Total basic employment accounted for roughly
the same percentage of the total labor force in 1960 as in 1940. But each of
the sectors including basic employment did not share equally in the gains between
1940 and 1960. As a matter of fact, some sectors which included basic employment
in 1940 and 1950, showed no basic employment in 1960. Chart I-8 shows this
clearly. Some sectors were increasing their share of basic employment while
others employed a declining proportion of the total.
Conclusions
An economic base study or export analysis provides insights into the growth
of a local economy. But it provides only a partial and over-simplified account
of the growth of a local economy. The economic base theory assumes that all
economic activity in a given region can be separated into two broad classes of
activity -- basic activity and service activity. There are serious problems of
measurement, however, and these can be overcome only by resort to direct survey
methods. But if direct surveys are to be conducted, it becomes feasible to
broaden the survey to obtain the information necessary for more elaborate
regional analyses such as input-output and income-product accounts.
The economic base analysis described in this section was based entirely on
available data. The resulting "multiplier" is a crude estimate of the impact
on the community of growth in the basic sectors. The result of the study is
not misleading, despite the estimates that have been madej but it is not par-
ticularly useful. Accurate estimates of the impact of changes in one sector
of the local economy on other sectors, as well as upon the total economy,
require more elaborate models and the collection of data for the implementation
of these models. With the economic base study as a background, we turn to an
input-output analysis of the Boulder economy which leads to sectoral income and
employment multipliers. This is followed by an analysis of Income-product
accounts, using the same survey data, which gives far more detailed and accu-
rate aggregate multipliers than could be obtained from an economic base study.
PART I
THE INPUT - OUTPUT ANALYSIS
II
ANALYTICAL FRAMEWORK OF THE SECTORAL IMPACT STUDY
Invut°Out put Analysis
The analytlcal tool used to measure the impact of space and space-related
activities on the Boulder economy is the Leontief open, static Input-output
model. The model used in the Boulder study is, of course, regional, but it is
similar in broad outline to the national input-output studies of the United
States.!/
Before turning to a discussion of regional and interregtonal applications,
it might be helpful to outline the general features of the basic input-output
model. Because input-output analysis is now so well known the following dis-
cussion will not go into detail, but will be a rather general review of the
essentials of input-output theory. -2/
The input-output model is basically a theory of production. Its great
advantage over more highly aggregated models is that it shows the structural
interdependence among sectors. That is, the model shows much more than sales
tO fiual users by a given sector; it shows sales to all intermediate customers
as well as sales to final demand.
Although certain basic principles are involved in the construction of an
input-output table, or matrix, the model is a highly flexible one when it comes
to statistical implementation. The basic table in an input-output system is
called the transactions table, and the level of aggregation of such a table is
determined by data availability and government disclosure regulations (plus
the resources available for the construction of the table) rather than by any
set of rules. The table can be as "open" or "closed" as the analyst desires,
and this is determined largely by the uses to which it is to be put. In
I/see W. Duane Evans and Marvin Hoffenberg, "The Interindustry Relations
Study for 1947," Th___eReview of Economics and Stat_stics, Vol. XXXIV, No. 2
(May 1952), pp. 97-142; Morris R. Coldman, Martin L. Marimont and Beatrice N.
Vaccara, "The Interindustry Structure of the United States, A Report on the
1958 Input-Output Study," Survey of Curren_ Business, U. S. Department of Com-
merce, Office of Business Economics (November 1964), pp. 10-29; and Wassily
Leontlef, "The Structure of the U. S. Economy," Sclentlf_c American , Vol. 212,
No. 4 (April 1965), pp. 25-35.
2/For a detailed but somewhat technical treatment see Hollls B. Chenery
and Paul G. Clark, !nterindustry Ecopom_cs, New York: John Wiley and Sons, Inc.
(1959). A non-technlcal treatment is given in William H. M_ernyk, The Elements
o_ In_n_-_t..___ Analysis, New York: Random House (1965).
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general, regional input-output tables are more "open" than national tables
reflecting the fact that regional economies tend to be more open than their
national counterparts.
The basic assumptions of the input-output model -- As is true of any
economic model, the input-output model is based upon a series of assumptions.
These have been stated succinctly by Chenery and Clark as follows:
(I) Each con_nodity (or group o£ commoditles_is supplied by a
sir_le industry or sector of production. Corollaries of this assumption
are (a) that only one method is used for producing each group of commodi-
ties; and (b) that each sector has only a single primary output.
(2) The inputs purchased by each sector are a function onl 7 of the
level of output of that sector. (The stronger assumption is usually made
that the input function is linear, but this is a matter of convenience.)
(3) The total effect of carrying on several types of production is
the sum of the separate effects. This is known as the add_ivlty assump-
tion, which rules out external economies and diseconomles._ I
The transactions table, the basis of all Input-output analysis, can be
described symbolically and schematically as in Table II-l. _/ Table II-I is
divided into quadrants, and each of these will be discussed briefly.
Quadrant I -- This portion of an Input-output or transactions table is
typically known as the processln_ sector. It shows the Inter-industry trans-
actions, or the sales of intermediate goods and services. Reading across each
row the sales by the sector at the left to each of the sectors listed at the
top are given in dollar terms. Reading down each column one observes the pur-
chases by the sector at the top from each of the sectors listed at the left.
The general term, Xlj , shows the sales by the ith sector at the left to the
th
J sector at the top, or conversely it shows purchases by the jth sector from
the ith sector.
Quadrant II -- All of the columns in this quadrant (plus the column
entries in Quadrant III) are referred to collectively as the__Inal demand
sector. The symbols in this quadrant are defined as follows: I is the column
310_2. ci_.Et., pp. 33-34.
_/For similar presentations which, however, vary in some details, see
Chenery and Clark, lo._._c,i_/.t.,p. 16; and Henry J. Brutonp PTinciplesofDevel--
opmen t Economlcs, Englewood Cliffs, New Jersey: Prentlce-Hall, Inc. (1965),
p. 47.
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which records inventory accumulations during the period covered by the table. _/
The column headed H shows final sales by each of the sectors at the left to
households. The column headed C -- generally called Gross Private Capital
Formation -- records the sales on capital account by each of the sectors at
the left to all purchasers who use the outputs of these sectors for purposes
of capital formation rather than current consumption. This is the only place
in the typical static, input-output model where capital sales are recorded.
All other entries in the table represent sales on current account. The column
headed G represents purchases by various levels of government from each of the
sectors listed at the left. And column E records export sales by each of the
sectors at the left. Finally, the X entries in the right-hand column show the
Total Gross Output --- the sum of inter-lndustry transactions and sales to final
demand of each of the sectors at the left. When Quadrant II is considered
alone it is often referred to as the "bill of goods" to distinguish it from
final demand which consists of both Quadrants II and III.
_uadrant III -- This quadrant, which is actually part of both Quadrants
II and IV, records the direct sales of primary factors to final users. These
can be viewed as the outputs from Quadrant IV used as inputs by Quadrant II.
An entry in the intersection of the household row and household column, for
example, would indicate, among other things, the purchase of domestic services
by households; _/ similarly an entry in the household row and the government
column would represent labor inputs to government. The V entries in this
quadrant represent the value of the sales to each of the sectors listed under
final demand, and while only one set of entries has been given in this quad-
rant in the illustrative table, in an actual table entries would be found in
the household, government and import rows.
quadrant IV -- The rows in this part of the table (including the row
entries in Quadrant III) are referred to collectively as the vayments sector.
The symbols in the left-hand colu_m represent the following: Row I shows
_/Typlcally an Input-output table is constructed for a year. This stems
largely from accounting conventions, however, and there is no loglcal reason
why the table could not cover a longer or shorter period.
_/In the Boulder table discussed in the next chapter the largest component
of this entry is the resale of houses constructed before 1963 by their owners.
inventory depletions during the period covered by the table. Z/ Row H repre-
sents households, and records the inputs from households to each of the columns
at the top of the table. V in the next row refers to depreciation allowances.
These are the amounts which are set aside for purchases on capital account,
although there is no reason to expect depreciation allowances and capital
expenditures to be the same in a given accounting period. _/ Row G represents
payments to government by the sectors at the top of the table, and row M
records imports by the purchasing sectors.
The Xts in the bottom row represent Total Gross Outlays. Because sales
to a sector must equal purchases by a sector, each X in the Total Gross Output
column must equal each X in the Total Gross Outlays row. It is not true, how-
ever, that each row total in the payments sectors must equal the corresponding
column total in the final demand sectors. All that is required here for the
system to be in balance is that the su.__mo_f the row totals of the payments
sectors equal the sum of the column totals of the flnal demand sectors. There
is no reason, for example, why inventory depletion should equal inventory
accumulation in a given accounting period, nor should one expect imports to
exactly balance exports in a given year. Discrepancies between independent
row and column totals must cancel out, however, if the system is to be in
balance, and the sum of all rows in the payments sector must equal the sum of
all final demand columns. In Table II-l, Total Gross Output (equal Total Gr_ss
Outlays) is symbolized by X. This is the sum of all intermediate sales plus
sales to final demand, a figure which does not have a counterpart in national
income accounting. It is possible, however, to compute Gross National Product
from an input-output table. In a national table this is done by subtracting
imports and inventory depletlon from total final demand. _/ Further adjustments
Z/some analysts prefer to show only net inventory change in a single
column. The advantage of the presentation given here is that it shows both
what has been added to inventory, and sales from inventory during the period
covered by the table. The arrangement shown here also has certain computa-
tional advantages in later uses of the table.
_/In the Boulder table depreciation allowances are combined with retained
earnings in a business savings row.
9--/In the national input-output tables which have been constructed for the
United States it has been customary to distinguish between competitive and non-
competitive imports, and to subtract only competitive imports and inventory
depletions from total final demand to obtain Gross National Product. See
Leontlef, o R. ci___t., pp. 32-33.
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are required to compute Cross Area Product for a region. These adjustments are
described in Chapter IV where the 1963 Cross Area Product for Boulder is esti-
mated.
Table II-1 illustrates a general, open, static input-output system. The
number of processing sectors included in such a table will depend upon the pur-
poses for which it is to be used and the availability of data. Similarly, the
final demand and payments sectors can be further disaggregated if this is neces-
sary or desirable. It is possible, for example, to dfsaggregate the government
colunm and row into Federal, State and local. In a regional model the export
column and import row might also be disaggregated. In the Boulder study, for
example, a distinction is made between exports to (and imports from) the Denver
MetropolitanArea, the rest of Colorado, and the "rest-of-the-world."
It should also be noted that for some purposes, notably impact analyses,
it is necessary to construct the transactions table so that households can be
both included and excluded from the processing sector, l-O/ If this is to be
done it is desirable that the household row total equal the household column
total so that further adjustment is not necessary when households are shifted
into the processing sector.
The major effort involved in an input-output analysis is the construction
of the transactions table. Once such a table has been prepared it is possible
to derive other tables from it (to be discussed below) which can be used for
making projections, impact studies, and other analytical purposes.
Technical Coefficients
The transactions table described above is a complete and detailed account-
ing system for an economy. Because of the disau=egation involved it reveals
much more than the conventional national income and product accounts. As the
table stands it is a description of the structure of an economy. For analyti-
cal purposes, however, it is necessary to go beyond this table, and to compute
a table of technical coefficients. The technical coefficients, which are
computed for processing sectors only, are defined as the direct purchases by
each sector from every other sector per dollar of output. To show how they
are computed it will be necessary to sunnnarize Table II-1. This can be done
in terms of the following balance equation:
10---/The reasons for this will be made clear in Chapter V which discusses
income and employment multipliers for the Boulder economy.
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(i) Xi = Xil + Xi2 + . . . + Xln + (Xf) (i - 1 . . . n)
In this equation, X i is the Total Gross Output, and it is equal to the sum of
Xll through Xin (or all of the transactions in the endogenous part of the table)
plus the sum of final demand (or exogenous) transactions symbolized in equation
(I) by (Xf). I-I/
As noted above, one of the assumptions of the input-output model is that
the demand for part of the output of one endogenous sector, Xl, by another
endogenous sector, Xj, is a unique function of the level of production in Xj.
That is,
(2) Xij = aijX j
If this assumption holds, equation (2) can be substituted in equation (I) to
obtain
(3) Xi = ailX 1 + ai2X 2 + • • • + alnXn + Xf (i = 1 . . , n),
which may be rewritten as,
n
(4) xi = I
J=l
aijX j + Xf (i = I . . . n),
The technical coefficients are obtained from equatlou (2) by solving for
aij, i.e.
(5) aij = Xj "
U/Parentheses have been put around the (Xf) term to indicate that the
subscript has no operational significance. Xt merely identifies the_
flnal demand column (column 43 of Table IV-l) which is, of course, disa_re-
gated in the transactions table.
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These coefficients are easily computed from Table If-1 in a two-step
process. First, in order to convert output for the accountlnE period covered
by the table to a current basis, inventory depletion (row I in Table II-l) is
subtracted from Total Gross Output to obtain adjusted gross output. In prac-
tlcep since Total Gross Outlays for each processing sector equal Total Gross
Output for that sector in the transactions table it is a simple matter to
subtract inventory depletlon from Total Gross outlays to obtain adjusted gross
output. The second step is to divide the entry in each column of the process-
ing sector by the adjusted gross output for that column to obtain a matrix of
technical coefficients which may be symbolized by A.
(6) A =
m_ a
all • . . alj • . . aln
atl • . . aij • . . ain
anl - . . anj • . . ann
Direct. and Indirec t Reqvi_em_n;p P_r D01_ar o_ Final Den_.n d
The analytical advantages of the input-output system would not be great
if one could measure only the direct effects upon each of the sectors of a
given change in final demand. The availability of high-speed digital computers
which permit a rapid general solution of an input-output system (and this
includes systems of very large size) is what makes this a powerful tool of
analysis. The general solution shows not only the direct effects upon each
sector of a given change in sales to final demand, but more importantly it
shows the sum of all direct and indirect effects of such a change, Moreover,
if consumers (i.e. households) are represented in the processing sector of the
transactions table, and thus in the A matrix, the direct, indirect and i_duge_
effects of changes in final demand may be computed.
The general solution of an input-output system is given by the inverse of
a Leontief matrix which is defined as (I - A) "1 , in which I is the identity
matrix and A is the matrix of technical coefficients described above, lz/
"-aYFor an elementary exposition of the inversion of a matEixp and an illus-
tration of the Leontief matrix, see Miernyk, o__. cit., Chapter 7. The deriva-
tion of technical coefficients discussed in the text is also taken from this
source.
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REGIONAL AND INTERREGIONAL INPUT-OUTPUT MODELS
The preceding discussion has dealt with a general, open, static input-
output model. Initially, input-output analysis was applied at the national
level. As Tiebout has pointed out, however: "It is not too much of an over-
statement to say that post-World War II regional research has been almost
completely dominated by regional applications of Input-output models. 'I=33/
The basic difference between national and regional models is that the latter
add a "spatial component to national models. ''I--4/ The spatial dimension adds
to the complexlty of regional models. For example, in a regional model the
flnal balance equation of the general model, equation (4), becomes
(7)
n m
rXi = _, _ rsXlj + T(Xf)i
s=l j=l
(r,s I I . . . n)
(j = 1 . . . m)
In this formulation X i has become rXi, that is, the total output of sector i
in region r. And rsXij represents sales by industry i in the region r to
industry _ in region s. In equation (7) the expression r(Xf)i is the final
demand for the output of industry ! in region r.
The technical coefficients in a regional model also are somewhat more
complex than those in the national model. They are described by the following
expression:
(8) rsaij = rXi
This indicates that the inputs to sector j in region s from sector i in region
r is a unique function of the level of production of good J in regien s.
There are similarities as well as differences between regional and inter°
reslonal input-output models, but it is possible to exaggerate the differences
13/Charlea H. Tiebout, "Regional and Interregiorml Input-Output Models:
An Appraisal," Th__._eSouthern Economic _our_al, Vol. XXIV (November 1957), p. 140.
14/Ibi__d., p. 142.
5O
because both add a spatial dimension to the general (i.e. national) model. _-_"
The model which was used in the Boulder impact study is a regional model. In
one sense it is a miniature replica of a national model with disaggregated
exports and imports. That is, in the Boulder study no effort was made to
trace sales from industry i in Boulder to industry _ in another region. Inter-
Industz7 transactions were limited to the Boulder region but sales by each of
the sectors in Boulder were identified by their destination, i.e. the Denver
Metropolitan Area, the rest of Colorado, and the "rest-of-the-world." A simi-
lar dlsaggregation was made on the import side. It might have been interest-
Ing to attempt a complete interregional model, but this would have added to the
data requirements of the study (and to the time and costs involved), and for
the purpose of measuring the impact of space and space-related activities on
the Boulder economy it was not necessary to have this degree of detail.
The early regional input-output studies which were conducted in the
United States relled largely on national technical coefficients. The practice
of utilizlng national coefficients to estimate regional coefficients has been
criticized. 16/ And in the opinion of the authors of the present study this
criticism has been Justified. Two national tables have been prepared for the
United States, one for 1947 and one for 1958. The earlier table, with 200
sectors, was more dlsaggregated than the 1958 table which has only 81 sectors.
But the technical coefficients for both of these tables represent national
averages for the sectors which they include. In defining a sector one is
always faced with the aggregation or "index number" problem. Ideally, each
sector would consist of all establishments engaged In the production of a
homogeneous good or service. If this were the case, national technical coeffi-
cients might serve as a first a pp_Qx_mation to regional coefficients. But a
sector which is defined, for example, as "food and kindred products" for the
Nation will undoubtedly contain establishments producing a wider variety of
products than those similarly classifled in a region. Differences in industry =
mix and product-mix will be reflected in significant variations in technical
15/For an excellent discussion of different types of intet-regiorual models
see Walter Isard, "Interregional and Regional Input-Output Analysis: A Model of
a Space-Ecouomy," Th_._eRe_view o__f E_oqomics _ Statistics, Vol. XXXXII (November
1951), pp. 318-328.
l'-_6/See Ttebout, op. ci.._t., pp. 143-146.
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coefficients from region to region. Only in highly diversified industrial
areas (which might in fact contain"representative samples" of establishments
in some of the sectors of the _Jational table) _ i8 it likely that some of the
regional coefficients would approximate those for the national economy.
Interregional differences in industry-mix and product-mix are probably
large enough to make it unwise to use national coefficients even as first
approximations to regional coefficients. The problem is further conq_ounded,
however, by differences in trade patterns from region to region. Unlike the
economy of the United States, most regional economies are quite "open,"
Regional economies are much less self-sufficient than the n_ational economy,
and most also tend to be more highly specialized. Even if the engineering
production function3 of firms in a region are very much like those of firms
in other regions, it is not likely that their import and export patterns are
the same. A firm in a given sector in one region might purchase most of its
inputs from other firms in that region. But another firm with identical pro-
duction processes, in another region, might be forced to import many of the
inputs which its counterpart purchased locally. Since imports are not part of
the processing sector of the transactions table, the technical coefficients of
the regional sectors which include these firms -- the aij's of equation (5) --
would be quite different in the two cases.
These difficulties have been recognized by others, and most of the regional
input-output studies conducted during the past decade have been based upon di-
rect surveys rather than national coefficients; that is, the regional transac-
tions table is built up from data obtained directly from samples of firms in
the region, and "control totals" for the region have been constructed from
published data on employment, sales, taxes, and other measures which can be
used to estimate total output, l-l/
The construction of regional transactions tables based on survey data has,
without question, resulted in improved technical coefficients. Studies based
on surveys of business establishments have revealed significant regional dif-
ferences in input patterns. 18/ For purposes of a local impact study, however,
i |
l'_7/A pioneering work of this type was the study conducted by Werner Z.
Hirsch. See his "Intertndustry Relations of a Metropolitan Area," Th...eeReview
Economics and statistics, Vol. XLI (November 1959), pp. 360-369.
18/If uniform sectoral classifications were used in all regional studies
differences due to variations in industry-mix would be minimized, but differ-
ences due to variations in trade patterns would remain.
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it is not enough to obtain data only from business establishments. When esti-
mating income and employment multipliers it iS necessary to measure the direct,
indirect and induced effects of changes in final demand in one or more sectors.
The details of how this is done will be discussed in Chapter V, and it is
sufficient to point out at this stage that to estimate induced effects it is
necessary to shift households into the processing sector of the transactions
table.
If data are obtained only from business establishments, the b,sinessmen
surveyed can provide information on their sales to households. Households do
not make all of their purchases locally, however, and business surveys will not
reveal the extent of household purchases outside the region. Accurate data Of
this kind can only be obtained by surveying a random sample of households in
the region.
It is possible, of course, if accurate control totals can be obtained, to
estimate purchases by households outside the region by taking the difference
between total purchases and the reported sales of local establishments to
households. Such "residual methods" of estimating imports have been subject
to rather severe criticism, however, because they are based on a number of
simplifying assumptions about costs and capaclty. 19/
The dlfflcultles of attempting to estimate the "leakages" of consumer
expenditures from a region by means of a residual method need not be detailed
here. It is sufficient to point out that the best estimates of how households
in a region spend their income, both on a sectoral basis and among regions,
are obtained from the households themselves. Indeed, a basic objective of
the present study was an attempt to measure such leakages accurately in an
effort to compute more realistic income and employment multipliers than have
resulted from the use of national consumption patterns (which fail completely
to show regional leakages) in earlier studies. It goes without saying that
while the addition of a household survey to a business survey undoubtedly
leads to a more accurate transactions table than would result if a residual
method of estimating imports were employed, it adds significantly to the time
and costs involved in the construction of such a table. The experience of
this study has convinced the authors that the added time and expense are more
than justified if there is an interest in accurate measurement of the income
a_d employment impacts of changes in the level of activity in one or more of
a region's sectors.
19/See, for example, Tiebout, op. ci___t., pp. 145-146, and the discussion
by Leon N. Noses of F. T. Noore, '_egional Economic Reaction Paths," American
Economic Review, Vol. XLV (Nay 1955), pp. 150-153.
III
DEFINITIONS AND SOURCES OF DATA
The Boulder Area -- Definition and Geographical Limits
Any regional analysis presupposes a rigid definition of the area under study.
Economic and social analyses often suffer because political areas -- the basis
for virtually all data collection -- are rarely coterminous with economic and
social areas. This study, for instance, seeks to measure the impact of space
and space-related activities on the Boulder economy. But the Boulder economic
area is larger than the City of Boulder, and it is smaller than the County of
Boulder. Somewhere between the city limits and the county llne there is a more
meaningful boundary for the Boulder economic area. The definition of this
boundary was a necessary initial task.
The proper selection of a sample requires the definition of a population.
The telephone directory was a good source for this purpose since it lists the
names and addresses of most residential telephone users in the Boulder exchange.
The limits of the telephone exchange seemed a good first approximation to an
economic area -- it was larger than the city, smaller than the county, and
included no municipalities other than the City of Boulder. In terms of some of
the technical aspects of the survey, it was ideal.
Several criteria were used to test the validity of the assumption that the
telephone exchange is a suitable boundary for the Boulder community. These
Included the area covered by rural mail routes from the Boulder post office;
the a_a enclosed by an isollne signifying 15-mlnutes of travel time from the
major shopping areas of Boulder; the area covered by routes of the local news-
paper, and the areas to which city utilities (water and sewer) have been extended.
The telephone exchange and the test criteria were reduced to geographic dimen-
sions which are plotted on Map III-l. l/
All the test criteria enclose areas larger than the City of Boulder. If
the area of utility extensions is disregarded, there is a reasonably close
c orrelatlon among the three remaining criteria. The shaded portion is that area
In which all three effective criteria are operative -- the telephone exchange,
rural mail (and newspaper) routes, and accessibility to Boulder shopping areas.
!/The area covered by the local newspaper routes was roughly coterminous
with the area covered by rural mall routes, and is not plotted on the map.
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This shaded area corresponds roughly to the telephone exchange boundary on the
north, south and east. It is considerably short of the exchange boundary on the
west. However, the limiting boundary of the shaded area on the west is accessi-
bility. There is no competing urban area west of Boulder because of the rugged
character of the terrain. The population within the telephone exchange is
oriented to the Boulder con_nunity, and over half of the area within the telephone
exchange, but outside the western boundary of the shaded portion, is national
forest land. All of the area west of a north-south line along the western border
of the City of Boulder is mountainous. Because the test criteria roughly approxi-
mated the telephone exchange, this area was defined as the Boulder community for
purposes of this study.
s¢ctorina the Boulder Economy
The regional input-output model used in Part I of the study requires the
separation of the area economy into "sectors." A sector may be defined as one
or more establishments with common input and output characteristics. Ideally, a
sector would consist of one or more establishments producing a homogeneous
product or providing a single type of service. This ideal, of course, is rarely
realized, and in practice compromises must be made. Disclosure rules, for exam-
ple, might require the aggregation of establishments with unlike characteristics.
And in some cases the assignment of establishments to a sector is determined by
existing industrial classifications and the availability of published data for
control totals. The choice of the number of sectors depends heavily upon the
purposes and objectives of the analysis. Two sectors in this study -- the space
and space-related sectors -- were essential to the accomplishment of the research
goals, and their selection was based on this criterion alone, An important con-
sideration in other cases was the availability of data. All the retail sectors
and most of the manufacturing sectors were designed to correspond to the in-
dustrial classifications used by governmental and private data-collecting agen-
cies.
In some cases, special regional characteristics may lead to the use of u_-
usual sectoral classifications. The Boulder study includes, for example, a real
property rentals sector, because of the importance of real property rentals in
the area. The study also recognizes the large part played by higher education
and government agencies in the local economy with a special sector for the
University of Colorado and one for Federal (local) agencies.
In general, sectors were defined to follow Standard Industrial Classifica-
tions. Each establishment in the area was assigned an SIC number based on its
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TABLE III-I
SECTOR DEFINITION BY STANDARD INDUSTRIAL CLASSIFICATION
Transactions Table
Sector Number
Transactions Table
Sector Name S..I.C. Codes
1 Extractive (agriculture &.mining)
, , , , , ir i •
Manufacturing
2 Food & kindred products 2011-2099
3 Furniture & fixtures 2511-2599
i
4 Printing & publishing 2711-2799
5 Stone, clay & glass products 3211-3299
z ,i , ii
6
0100-1499
Machinery (non-electrical) 3511-3599
7
i ,
Professional & scientific
All other manufacturing
9 Space a-/
I0 Space-related _/
Ii
Trade
Automotive dealers
i : z
3811-3872
1911-1999, 2111-2499,
2611-2699, 2811-3199,
3311-3499, 3611-3799,
3911-3999
i ii II . I IlL II i -lr"
5511-5531, 5599
12
13
Gasoline service stations
Eating & drinking
5541
5812, 5813 (5462
when donut shop)
14 Food stores 5411-5499 (except
5462 donut shop)
15 Lumber, building materials
& hardware 5211, 5212, 5231,
5251
•:- •
16 General merchandise 5311-5393
17 Apparel & accessories 5611-5699, 5933
(continued)
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TABLE III-1 (cont.)
Transact ions Table
_¢tor Number
18
Transactions Table
Sector Name
Furniture & appliances
S.I.C. Codes
_ i i i i i i
5711"5733_ 5934, 5221
19 All other retail 5241, 5252, 5911-
5932, 5935"5999
20 Wholesale 5023-5099
i ,
22
, i i
23
21
i
i
Services
Pcofessional 8000-8421, 8911-8999
(except 8211)
I i
7010-7042Lodging
il i i i i
Real property rentals 6512-6519
24 Other rentals 7511, 4223, 7399
25 All other services 7211-7399, 7521-7949,
8611-8699, 8211
26 Contract construction 1511-1799
27
• i i ,- ..
28
29
Transportation 4011-4899, except
4223
i i L -- _ i. ii _ . k
Ut illt ies 4911-4971
_ _ t
Finance I insurance & real estate 6010-6411, 6531-6799
30
,1 , i
31
University of Colorado
, i -
Local goverr_ent
32
33
Households
State,governme, nt
34 Federal government (10¢al)
9282
9301-9390
8811
, .,... ,j,
9201-9290 (except
9282)
9101-9190
35
i j
a/special
these sectors.
Federal government (othgr) 9101-9190
criteria, discussed in the followl_ section, were used to define
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primary production or activity. The establishments were then classified by
sector as shown in Table Ill-l. The two-digit classificationwas followed in
all cases except those which were determined by some unique reEional character-
istic. In some cases additional adjustments were necessary to maintain consis-
tency with standard data classifications.
The space and space-related sectors -- In contrast to the more traditional
sectors, the SIC was of no assistance in assigning activities or establishments
to these two sectors. Consequently, a set of criteria, to be discussed below,
were developed to define them. These criteria allowed inclusion of a portion of
an establishment's (or government agency's) output within the space or space-
related sectors. This was necessary in the case of the Boulder Laboratories of
the National Bureau of Standards (NBS) and the National Center for Atmospheric
Research (NCAR) as both agencies were involved in space or space-related acti-
vities in varying degrees. It was also necessary in the case of some private
establishments.
The total activity of NCAR was considered either space or space-related.
The National Bureau of Standards was divided into three sectors -- space, space-
related and Federal (local). In both organizations, excellent agency account-
InE procedures by project made the division possible.
Although only one private firm was included in the space sector, there were
a number of private firms included in the space-related sector. These were
assiEned on the basis of the following criteria.
The space sector was simply defined as all activities funded completely or
partially by NASA. If all of an establishment's activities were funded by NASA,
the entire establishment was assigned to the space sector. If only part of the
establishment's activities were funded by NASA, all purchases and other expenses
charEed to the NASA account were assigned as inputs to the space sector, and a
similar allocation was made on the sales (or output) side. All other activi-
ties were assigned to other appropriate sectors. The same procedure was followed,
where this was required, in the space-related sector.
The space-related sector was more difficult to define. A broad definition
would have included virtually all scientific development, for the exploration
of space draws upon the accumulated knowledge of centuries of scientific pro-
gress. For our purposes, a somewhat more restricted definition was needed.
Any qCtiVitY, o_ establishment, assiened to the s_ce-relate d sector had to meet
at least one of the followin_ ¢_teria:
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i. If the present emphasis on space exploration and travel did not
exist, would the project in question have been initiated or would it be
continued? Or, has the scope or intensity of effort on the project been
increased as a result of the present national emphasis on space explora-
tion and travel?
2. Does the activity pursue or directly contribute to at least one
of the four major objectives of the National Aeronautics and Space Act of
1958:
(a) to conduct the scientific exploration of space;
(b) to conduct manned exploration of space;
(c) to apply space science and technology to the development of
earth satellites for peaceful purposes, and to promote human welfare;
(d) to develop space science and technology in the interests of
the national defense?
3. Is the project or activity concerned with the study of the medium
of space, i.e. the nature and characteristics of the space surrounding the
earth through which space travel or exploration is accomplished? Those
cases where the project or activity was narrowly conceived and confined to
a particular study of the medium of space with regard to an application of
the findings to some effort not related specifically to the space program
were excluded. In other words, all applied research projects dealing with
programs other than the space effort were excluded. All basic research
into the medium of space was defined as space-related, and projects of this
nature were included in the space-related sector.
4. Is it a reasonable expectation that further funding from NASA or
other space-oriented agencies will be forthcoming to continue work on this
project or subsequent projects initiated as a result of the project in
question? If the answer to this question was affirmative, the project was
included in the space-related sector.
Because the central focus of this study was the impact of space and space-
related activities on a local economy, the definition of these sectors has been
described in some detail. The remaining sectors in the Boulder transactions
table will be described in more sunmmry fashion.
Real property rentals -- In this sector, as in the space and space-related
sectors, the establishment was not used as the basic unit, although some resi-
dential rental firms were properly classified within the sector by SIC number.
All non-residential rental payments were treated as payments to the "real pro-
perty rental" sector, and as a result the sector does not represent a collection
of establishments engaged in rental sales. Most of the business rental payments,
for instance, were payments to households or the finance, insurance and real
estate (FIRE) sector, but regardless of the sector to which rental payments were
6O
made, the payments were assigned to the real property rentals sector. This
convention effectively isolated real property rentals as a separate economic
activity and allowed analysis of this important component of the table.
Government -- The traditional government sectors were used with two impor-
tant exceptions. The University of Colorado was treated as a separate sector
because of its obvious impact on the community. The University sector includes
all operations of the University -- education, student housing, and various
student and staff services, notably the bookstore, and the student cafeteria
facilities.
Federal government activity was separated into two sectors -- Federal
government (local) and Federal government (other). The Federal government
(local) sector consists of Federal agencies with offices or other facilities
physically located in the Boulder Area. The Federal government (other) sector
includes all other payments and sales to, or purchases from, all remaining
Federal agencies. The presence of the Boulder Laboratories of the National
Bureau of Standards made this separation desirable if not necessary.
The remaining government sectors, local government and State government,
are traditionally defined. The local government sector includes the City of
Boulder, Boulder County, the Boulder Valley RE-2 School District and the small
East Boulder Sanitation District. The State government sector includes all
state activities exclusive of the University of Colorado.
Households -- With a major university, Boulder has a large student house-
hold population. For sampling purposes, Boulder student and non-student house-
holds were treated separately. When the data were used in the input-output
table, however, the two groups were consolidated into a single household sector.
This was not a matter of choice, but was forced by the lack of data in business
establishments on the distribution of employment between student and non-student
households. The income-product accounts, however, preserve the separation of
the two kinds of households in a number of accounts.
Sources of Data
Both the input-output study, and the highly detailed income-product accounts
of Part II required a substantial volume of data and most of the data were not
available from published sources. For the input-output accounts, in particular,
detailed information was needed about the inter-industry transactions of local
firms and the income and expenditures of household units. Practically all of
these data were necessarily obtained through direct interviews of households,
business, and government agencies.
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All government agencies located in the Boulder area were interviewed. A
combination of excellent records and a high degree of cooperation provided ex-
cellent data on inter-industry transactions. And the census of local govern-
ment activity at all levels produced the data required for the regional ac-
2/
counts.-
Data on household income and expenditures were obtained through interviews
conducted by trained interviewers using a standard questionnaire form. Selected
businesses in the Boulder area were also interviewed, but the diverse nature of
firms in the area required the use of highly-trained interviewers to conduct
'_pen-endedninterviews. The information obtained from both types of interviews
was later audited and recorded on recapitulation sheets for IBM processing.
Both the household and business interviews were obtained from a sample of the
3/
population.-- Total household expenditures and income were estimated from the
sample data by methods discussed in the following section. Total income and ex-
penditures of the business sectors were estimated from control totals.
Control totals -- Because the data obtained from business interviews covered
only a sample of establishments in most sectors, control totals were needed for
each industrial sector to expand the sample data to estimated input and output
totals. These control totals -- representing gross sales by sector -- were
4/
derived independently from both published and private data sources.-
It was assumed that the average purchase and sales patterns of the sample
establishments accurately reflected the patterns of the sector as a whole. The
sample flow data and the control totals were all the data required for the trans-
actions table. The input and output flows were estimated independently. It was
then necessary to reconcile most of the intersections in the table. This was
accomplished, in general, on the basis of staff judgments about the greater re-
liability of either purchase or sales data in each sector.
_/See Chapter VII for a full discussion of the government data collection
procedures.
_/Households were selected by a random sampling procedure. The business
sample was of the "BLS-type." It included all large establishments, most medium-
sized establishments, and samples of smaller establishments in relatively homo-
geneous sectors (e.g. gasoline service stations and drug stores) selected on the
basis of both size and location.
_/See Appendix I-i for a detailed account of the sources used to develop
control totals.
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The Household Survey
Results of the household survey were used in the construction of flows in
the input-output table -- the basic model of the local impact study -- and in
the construction of local income and product accounts. The household survey
also produced a mass of data on income distribution and population characteris-
tics which were useful at various points in the analysis. _/ A great deal of in-
formation on consumption was also provided by the survey, and these data were
fundamental in the development of one of the income multipliers developed in
Chapter V. The household survey provided estimates of consumption "leakages"
from the Boulder economy. Data on local consumption patterns permitted the esti-
mation of more accurate local consumption functions than would have resulted
from the use of consumption data relating to larger areas.
Since the household survey contributed so much to the analysis of the
Boulder economy, the following section discusses the methods and techniques used
in the survey and tests of the reliability of the sample data obtained.
Samplin_ Procedures
Because of the importance of the University of Colorado to the local econo-
my, it was necessary to select two samples, one of students and one of resident
households. Total student enrollment in 1963 exceeded 12,000. The total esti-
mated population of Boulder, students included, was just over 40,000. On the
assumption that student income and expenditure patterns would differ signifi-
cantly from non-student households, the two groups were sampled and interviewed
separately.
Non-students -- The population for resident households was the telephone
directory, k/ A five per cent sample was desired. Pretests indicated that to
_/See Appendix I-IV for a discussion of transitory income in Boulder in 1963.
_/Since the Literary _ debacle of the 1930's there has been suspicion
of telephone directories as populations for sampling purposes. There is rela-
tively little danger of bias in the Boulder sample, however. The Mountain States
Telephone and Telegraph Company estimated a 97 per cent development in the Boulder
exchange area. Telephone Company officials believe that most of the remaining
three per cent consisted of students and transients. The non-subscribing students
pose no problem since a different population was used to obtain the student sam-
ple. Since the income and expenditure patterns of transients are probably not
typical of residents in general, their exclusion actually might have improved
the population. An effort to compare the latest city directory with the tele-
phone directory published in October 1963 was not fruitful since data in the city
directory were about three years old at the time the sample was selected.
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realize a response rate of five per cent, a sample of ten per cent had to be
drawn.
Each name in the Boulder telephone directory was numberedand a table of
random digits was employed to select a non-student sample of 1,200. _/- Because
the telephone directory included students (6,921 out of a total of 16,553)_/A
some names selected at random were students. Nhen a student name was selected
it was deleted and another non-student name was selected randomly. This proce-
dure was continued until 1,200 non-student names had been selected.
Students -- The University o£ Colorado publishes a Student Directory each
fall. This directory was the population for student households. Again, each
name was numbered and the same table of random digits used to select 400 names
at random. On the assumption that students are a more homogeneous group than
non-students, in terms of income and expenditure patterns, a one per cent re-
sponse rate was considered to be sufficient. To assure this, a sample of approx-
Imately three per cent was selected.
The Questionnaire
The questionnaire was carefully designed to elicit detailed information on
household sources of income and on expenditure patterns. It also sought attitu-
dinal data and information on population characteristics. The highly structured
questionnaire used in the survey is given in Appendix I-II. _/
_nterview Procedures
After the sample had been selected, each household was plotted on a map of
the city which had been divided into thirteen areas. About 100 prospective
respondents were selected each week (for the subsequent week's interviews) from
_/Table of 105.000 Random Decimal DiRits, Interstate Commerce Commission,
Bureau of Transport, Economics and Statistics, Washington, D. C., May 1949.
_/Estimate based on random sample of student directory checked against the
telephone directory.
2/An initial questionnaire was pretested and revised before the final form
was adopted. Dr. Charles Tiebout, of the Un@versity of Washington, and Mr.
Parker Fowler, Director of the University of New Mexico Data Processing Center,
made a number of helpful suggestions during the design of the questionnaire.
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a single area to minimize travel time and costs. A letter was sent to each mem-
ber of the sample, explaining the nature, purpose and scope of the study, and
soliciting the prospective respondent's cooperation. Included with the letter
was a reprint of an article about the study which had appeared in the Boulder
_Camera. The letters were followed by telephone calls, and interviews were
scheduled with those willing to cooperate.
Shortly after approval of the questionnaire by the Bureau of the Budget,
interviewers were employed and training sessions were started. Each interviewer
was given bet-_een four and eight hours of instruction depending upon prior ex-
perience. Some of the interviewers had such experience and required minimal
training for this project. A team of five interviewers began the collection of
data on February 10, and interviews were conducted steadily through May 1964. I0/
All completed questionnaires were audited by a single member of the staff to
minimize the possibility of inconsistent interpretations. All data were then
punched on IBM cards for further analysis.
Responses tO the Survey
The total sample selected numbered 1,600 -- 1,200 non-students and 400 stu-
dents. Of this total, 814 responded -- 622 non-students and 192 students (see
Table III-2). As the pretest experience had indicated, the respondents amounted
to approximately half of the sample selected -- non-students responding at a
somewhat higher rate than students. Completed questionnaires were obtained from
sllghtly less than 5.5 per cent of the non-student populatlon and 1.5 per cent
of the student population -- a sllghtly higher percentage in both cases than.as
orlglnally anticipated.
Non-Respondents
Most individuals who would not participate gave some reason for their re-
fusal during the telephone contacts. Table III-3 is a detailed account of the
reasons for non-participatlon.
The reasons for non-response differed between students and non-students. A
majority of non-students (55 per cent) who did not respond either refused or were
unable to cooperate. On the other hand, only a small group of students (17 per
cent) gave this reason. The students were quite willing to cooperate if they
could be reached. As the table shows, most student non-respondents could not be
contacted despite numerous telephone calls.
i
lO/There was some turnover of interviewers, and each new interviewer Join-
Ing the staff was given the same training.
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TABLEIII-2
POPULATION,SAMPLE, RESPONDENTS AND RESPONSE RATE -- HOUSEHOLD SURVEY,
BOULDER AREA, 1963
Total number in universe _"/
Total number in random sample
Per cent sample of universe
Total number of respondents
Respondents as per cent of universe
Respondents as per cent of sample
Non-student Student
9,632 12,539
1,200 400
12.4% 3.2%
622 192
6.0Z I.SZ
52.O% 49.2Z
_INon-student households in almost all cases included more than one indivi-
dual. The opposite was usually true of student households.
Testin_ the Difference Between Re_popdents and Non-Respondents
Five control variables were selected for making the tests of significance
of the household data. These are: (a) age, (b) years of schooling completed,
(c) average number of persons in household, (d) number of years of residence in
Boulder, and (e) assessed valuation of property. Ten per cent sub-samples were
drawn from both the samples of respondents and non-respondentsp and these were
compared by means of the t-test and the F-test (see Table 111-4). In the t-test
the difference between means for respondents and non-respondents wa_ not signi-
ficant at the .99 level for all variables. For variables (c), (d) and (e) in
Table III-4, the difference was not significant at the .95 level.
In the F-tests the difference in variances was not significant for varia-
bles (a), (b) and (c) at the .95 level. In the variance analysis, the differ-
ence was statistically significant at the .99 per cent level for variables (d)
and (e) -- number of years of residence, and assessed valuation. It should be
noted, however, that the latter variables are not as important as average age,
average number of years of school completed, and average number in household in
assessing the reliability of the sample data. The results of the tests show that
there are no significant biases in the survey data.
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TABLE III-3
NON-RESPONDENTS IN HOUSEHOLD SURVEY,
BOULDER AREA, 1963
Non-students Students
Per cent Per cent
Number of total Number of total
Prospective respondent refused
to cooperate 203 35%
Prospective respondent unable
to cooperate 116 20
Prospective respondent no longer
in Boulder
Moved from Boulder _/ 60 Ii
Phone dis_qnnected or out of
servzce--- u. 74 13
Staff unable to contact prospective
respondent
No answer to numerous calls 53 i0
Cancellation after in_er-
view was scheduled £/ 70 II
Other 2 -
Total Non-Respondents 578 I00.0
13 77.
21 I0
39 19
24 ii
58 28
26 12
27 _/ 13
208 100.0
K/Includes those deceased.
R/Most had moved from Boulder.
_/Inc_udes prospective respondents and/or interviewers not present at pre-
scribed time and place for interview.
_/Most of these were students living at home who were excluded from the
sampie. As such they were not, strictly speaking, non-respondents.
Age of head of
household
Level o f
educat ion
Number living
in household
Number of years
lived in Boulder
Assessed valuation
of homes
TABLE 111-4
HOUSEHOLD SURVEY TESTS OF SIGNIFICANCE,
BOULDER AREA, 1963
Calculated Calculated
t value t0.9____5t0.99 F value F0.95 F0.99
94 1.86 1.66 2.36 1.06 1.94 2.42
86 2.02 1.66 2.36 .63 1.94 2.42
92 1.86 1.99 2.64 1.36 1.94 2.42
87 .10 1.67 2.39 20.72 1.94 2.42
77 1.62 1.98 2.62 10.08 1.67 1.96
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Expa_slon of the Sample
Because samples of different sizes were selected from the student and non-
student populations, two expansion factors were required for the household data.
Excellent control totals from University records permitted expansion of the
student sample by a single method. The expansion factor for the student sample
was estimated at 67.02. Expansion factors for the non-student sample were some-
what more difficult to estimate, and two separate estimates were derived.
The methods used to estimate the non-student population differed in their
starting points. Method I started with the total number of residential telephone
users in the Boulder telephone exchange area which describes the boundaries of
the study area. From this initial figure, student users and duplicate tele-
phone lines to single households were subtracted leaving an estimate of the num-
ber of non-student resident households in the Boulder area. This figure, when
compared with the total number of non-student respondents included in the survey,
resulted in a non-student expansion factor of 18.07.
Method 2 started with an estimate of the total population in the Boulder
area, subtracted the total population of the "student community," and converted
the residual population into households, assuming 3.5 persons per household.
The estimated expansion factor using this method was 18.93. Details about ex-
pansion methods are given in Appendix l-llI.
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Reconciliation of the differences between Methods 1 and 2 -- In reviewing
the two estimates it was felt that the first method entailed fewer assumptions.
Additionally, the assumptions necessary in the first method were not made at
critical points. The second method assumes from the start a total population
estimate for which only limited checks are available. Because it is probable
that the first method provides a better estimate, the non-student expansion factor
finally used was weighted heavily by the results of the first method, and the
reconciled non-student expansion factor used was 18.25.
The Business Survey
The household survey provided data needed to estimate the distribution of
income and consumer expenditure patterns in Boulder. But to construct an input-
output table, data must be obtained from business establishments in the study
area to permit row and column allocations of sectoral sales and expenses. These
data are the raw materials from which the inter-industry transactions table is
built.
The selection of the sample -- To achieve the proper row and column distri-
butions for each of the 31 sectors it was necessary to select a representative
sample of all establishments in each sector for field interviewing purposes. In
sectors where the total number of establishments was small, or where the sector
was of prime importance to the objectives of the study (such as the space and
. ll/
space-related sectors), all establishments within the sector were intervieweo._
An effort also was made to obtain data from all firms in the manufacturing
sectors. I_ile it was not possible to obtain all the desired information from
all establishments for a variety of reasons (unwillingness to cooperate, or re-
cent changes in ownership) coverage of the manufacturing sectors was virtually
complete. Other sectors in which a sample of nearly i00 per cent was obtained
included mining, automotive dealers, wholesale trade, and utilities.
The 15 trade and services sectors of the table were sampled selectively. Be-
cause of the relatively large number of establishments in each of these sectors
it was not feasible, given the budgetary and time constraints, to attempt a i00
per cent sample. 12/ The firms interviewed were selected as follows:
l-_i/In some cases several visits were required to complete the interviews.
12/This is not to suggest that a complete census of each sector was neces-
sary or even desirable. It was possible to obtain representative samples in
those sectors containing a relatively large number of establishments.
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(I) A complete list was made of all firms in each sector utilizing the
telephone directory, the City of Boulder street guide, and information obtained
from the Boulder Chamber of Commerce.
(2) The establishments within each sector were then ranked by the num-
ber of employees and initial estimates of the value of sales for each establish-
ment. The employment data utilized were furnished in part by the Boulder Cham-
ber of Commerce, which publishes an annual employment and payroll survey of
major Boulder area business establishments. These data were supplemented by
data obtained from the Colorado Division of Employment.
(3) The establishments were then grouped into three classes -- small,
medium, and large -- to place in the same group establishments with roughly com-
parable input patterns.
(4) Samples of varying size were then selected from each of the above
groups, using the "BLS approach," for field interviewing.
(5) If any establishment selected in the initial sample did not wish to
cooperate in the survey, did not have sufficient data, or would not respond for
other reasons, another establishment from the same group was picked randomly as
a substitute for the one originally selected.
(6) An attempt was made to contact at least 30 per cent of all estab-
lishments in any group, including those consisting of a fairly large number of
small shops or stores. The more heterogeneous the group, the more important it
was to include a representative sample of each sub-group in the sample. Gasoline
service stations, for example, were found to be quite homogeneous. On the other
hand, the "general merchandise" retail sector consisted of three major types of
establishments, and it was necessary to sample each sub-group. This was also
done in the case of the "all other retail" sector, the "all other services"
sector, and in other trade and service sectors with relatively heterogeneous
outputs.
The sampling procedures outlined above led to interviews with 453 firms in
the Boulder area to obtain complete income and expenditure data. An additional
275 firms were interviewed briefly to obtain aggregated data used in the esti-
mation of control totals.
Selection and traininK of interviewers -- The interviewers on the project
were predominantly graduate students from the Department of Economics at the
University of Colorado. These were supplemented by interviewers who had been
involved in the interviewing of Boulder households. Altogether, 14 persons were
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involved in the business survey which was conducted from early March through the
end of August 1964. I-_!
In the training sessions designed to familiarize the interviewers with input-
output analysis, much time was spent explaining the general format of the trans-
actions table, and how individual establishment operating data were to be or-
ganized to fit into this table. Several illustrative income statements, from
different types of establishments were used to show how each of the income and
expense items would be allocated, sectorally and geographically. The same rou-
tine was followed, using illustrative balance sheets, to allow the interviewers
to familiarize themselves with the handling of items recorded as capital purchases.
The interviewers were then familiarized with an Establishment Report Form,
the working form which was used in the office to organize the data obtained from
establishments by the interviewers for further analytical purposes. The inter-
viewers were instructed to organize their questions to follow, in general, the
format of this form. Because no two establishments are exactly alike, however,
the interviewers were urged to allow the respondents to organize their thoughts
and responses in their own fashion. They were instructed to maintain control and
direction over the interview, however, so that all the necessary information
would be obtained, preferably at one time.
A "Shor___.._t"Establishment Report Form was used to tabulate responses from the
establishments from which aggregate data only were obtained. These interviews
were conducted in the same manner as those described above. But the "short"
interviews were conducted in a ten to fifteen minute period, rather than the two
hours or more required to obtain detailed information on inter-industry trans-
actions .14/
l--3/Several training sessions were held for the business interviewers. They
were given rather complete instruction in the rudiments of input-output econo-
mics, and for those who required it some training in the elements of accounting.
Each interviewer was also provided with a staff working paper prepared by George
Brooker entitled Notes on the Accounting Approach to Sources of Information fo____r
n_-Output Analysis which summarized the business accounts utilized in elicit-
ing the several types of operating information required for the input-output
table. Since the interviews were unstructured, each interviewer was also required
to memorize the sectors defined in the Boulder table, and to keep in mind that
the responses to his questions had to be additive within sectors.
14---/Theaggregate data were not only used in the estimation of control
totals, but also in the estimation of import and export totals for processing
sector activities.
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After each interviewer had conducted several of both types of business
interviews, follow-up training sessions were held to discuss problems which had
been encountered. The assignment and scheduling of interviews was handled cen-
trally by one member of the staff to provide the needed coordination.
Interviewin_ procedures and control -- The interviewing coordinator was
provided with a list of all sample establishments (and alternates) to be con-
tacted in each sector. Each sample establishment was sent a letter describing
the objectives of the study, and indicating that the coordinator would call to
arrange an interview. Three or four days after the letters had been delivered,
the coordinator called each firm and attempted to set an appointment for the
interview. The Boulder Chamber of Commerce contacted each of the sample firms,
from lists provided to them, to inform them that they had been selected in the
sample, and to urge that they cooperate to the fullest possible extent. These
efforts by the Boulder Chamber of Con_nerce undoubtedly added to the response rate,
and considerably shortened the time required for the field work.
Organization of business survey data for analytical purposes -- As each
interview was completed, the interviewers organized their data so that it could
be recorded on a recapitulation sheet. This sheet was devised to assist the
interviewers and to organize the data for later keypunching operations. A copy
of the recapitulation sheet is included as Appendix I-V. Before the data were
transferred to this sheet, the establishment report forms were audited for in-
ternal consistency, and for unusual entries which might require further investi-
gation or explanation.
IV
THE STRUCTURE OF THE BOULDER ECONOMY
%nter- industry Transactions
The basic input-output model, and the modifications which are made when
the model is applied to a region, were discussed in Chapter II. The methods
followed to obtain data for the implementation of the model for the Boulder
economy were discussed in the preceding chapter. We turn now to a description
of the structure of the Boulder economy, as defined in the last chapter. This
structure is described by the input-output tables which have been developed as
a prelude to analysis of the impact of space and space-related activities on the
community to be discussed in the following chapter.
As noted in Chapter lI, the basis of an input-output study is the inter-
industry or transactions table which is a compact and detailed system of
accounts for the area under investigation. Table IV-I is the transactions
table for the Boulder economy in 1963. The bulk of the table consists of the
processing sector, or Quadrant I as it was referred to in the schematic
presentation of Chapter II. Before turning to a brief discussion of this
table it is worth repeating that Boulder as a relatively small and well-defined
community is very much an "open" economy. That is, there is a fairly high
degree of specialization of economic activity in Boulder, and relatively large
imports and exports. In spite of this, there is a considerable amount of
interdependence among the processing sectors of the Boulder economy.
The final demand section of the transactions table -- Quadrant II of the
schematic presentation in Chapter II -- includes columns 32 through 40, read all
the way down the table. Local final deliveries are shown separately in coltunn
41, and export deliveries in column 42. The row sums of columns 32 through 40
are given in column 43, and Total Gross Output in column 44.
At the bottom of the table, the payments sector -- Quadrant IV of the
schematic presentation -- consists of rows 32 through 40, read all the way across
the table. Row 41 shows total local payments, and row 42 records payments made
outside the community. Finally, total payments by column are stmmmrized in
43 I/row .-
i/Total payments in this row include payments to households. It should be
noted that in the table which follows -- Table IV-2 -- the total payments row
(row 33) is exclusive of payments to households.
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I. Extractive (agriculture & mining) 1.2 772.1 0
Manufacturing
tn
0 297,1
2. Food & kindred products o o o o
3. Furniture & fixtures 0 0 0 0
"_ 4. Printing & publishing 1.2 7.3 4.1 11.4
3
u 5. Stone, clay & glass products .1 0 0 0
6. Machinery (non-electrical) 4.3 0 0 4.0
:E
7. Professional & scientific 0 0 o 0
8. All other manufacturing .3 0 0 0
9. Space o o o o
10. Space-related 0 0 0 0
11. Automotive dealers 2.4 4.8 o 2.7
12. Gasoline service stations 4.2 4.6 3.0 7.9
13. Eating & drinking 0 4.2 1. t 0
14. Food stores 0 .5 0 0
Lumber, building materials & 2.8 0 15.2 015. hardware
16. General merchandise 0 0 0 0
17. Apparel & accessories 0 o o 0
18. Furniture & appliances 0 0 0 0
#9. All other retail 13.6 .. 2.o 9.4
20. Wholesale 10.4 3.c 1.5 3.9
21. Professional 13.9 2.5 .8 28.1
22. Lodging o o o o
'_ 23. Real property rentals 3.3 6.c 12.7 24.0
24. Other rentals 45.8 0 .1 .7
25. All other services 40,I 33._ 11.4 74.0
26. Contract construction
1.1 0 7.4 .2
27. Transportation 39.2 • 12.C 17.6 32.9
28. Utilities 57.3 27.S 13.3 40.7
29. Finance, insurance & real estate 31.6 32. _ 16.5 120.8
30. University of Colorado 0 0 0 0
31. Local government 26.3 10._ 3.6 35.9
i
32. Households'
33. State government
34. Federal government (local)
35. Federal government (other)
36. Inventory depletions
37. Business savings
_. 38. Denver Metropolitan Area
_. 39. Rest of state
40. Rest af world
41. Local payments
42. Import payments
43. Total payments
44. Total gross outlay
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0 0
0 0
0 0
6.5 1.2
0 0
0 0
0 0
50.6 .I
0 0
0 0
.4 .i
1.4 .8
.3 .2
0 0
0 .9
0 0
0 0
0 0
6.0 2.5
18.2 .7
12.4 4.9
0 .3
0 22.3
.) 0
48.6 9.5
0 1.7
65.S 2.3
66.C 17.6
43.C 13.3
0 0
56.C 4.5
J
• o
<
0 0
0 0 0 0
0 0 0 0
12.2 58.4 58.4 17.0 83.:
0 ii.3 0 0 0
o 40.5 _ 5.3
0 8.6 I00.0 18.0 0
0 5.1 2,2 .i
0 0 0 18.0 o
2.3 0 137.4 i0.0 0 !
.4 1.7 1.6 0 1.(
.5 5.0 0 .6 i0._
0 3.8 0 1.9 18.."
0 .I 0 0
1.2 8.2 .3 4.1 0
0 0 18.2 0 0
0 0 0 0
0 0 0 0
2.3! 20,2 41.2 51.1 25.;
1.1 I0.0 16.2 6.5 Ii._
3._ 24.4 24._ 21.3 I0.]
0 0 0 0 0
0 80.2 385.2 6.0 99.(
0 3.8 21.7 6.8
19.2 35.6 82.2 62.3 186.(
3.1 3.1 0 11.4 20.(
25.1 34.2 154.5 393.3 29._
9.2 171.1 187.2 146.0 I00.]
30._ 62.5 18._ 9.4 ii0.(
0 0 12.C 237.3
4.3 97,4 30.3 21.4 55._
459.0 660._ 287._ 2,002.0 569._ 288.6 560.;[ 1,806.9 2,492._ 7,760.3 2,701.]
7.8 37.Z 2.7 8.3 21._ 3.2 14.7 20.1 56.2 10.5 li._
0 i.( 0 34.0 ._ .9 5.{ 14.2 439._ 2,465.8 6._
36.0 151._ II.C 265.8 163.; 34.3 47._ 163.8 267.) 707.6 158.(
726.5 28.( 54.4 114.9 210._ 78.6 354._ 826.5 112.) 618.8 618._
285.0 66.2 21._ 200.3 455.7 56.1 37.1 506.9 2,231.4 2,507.7 347.1
380.7 282.4 472.5 659.2 1,730._ 159.6 255._ 520.6 722. 2,183.3 266._
1,231.7 326.1 6.9 .2 65.) 1.6 56.E 11.5 18.5 215.5 26._
609.3 284._ 31.C 291.0 47.) 352.6 402.6 1,698.9 1,593.7 3,502.1 752._
1,470.5 756.C 363.3 2,351.2 1,236.) 424.2 957._ 3,154.5 5,276.8 13,352.6 3,673.]
2,265.5 1,081._ 524.1 1,224.5 2,029.1 551.3 776.5 2,414.9 2,658._ 6,619.0 1,215.;
3,736.0 1,837._ 887.4 3,575.7 3,265._ 975.5 1,734.4 5,569.4 7,935.7 19,971.6 _,888.
4,035.1 2,759._ 997.7 3,972.3 3,939.1 1,058.4 1,849.2 6,254.6, 9,227.5 21,019.4 5,651.C
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0 31.6 112.8
0 173.6 0
0 0 0
20.6] 40.3 189.1
0 0 0
0 0 0
0 0 0
3,6 4.1 0
0 0 0
0 0 0
.3 0 0
3.4 6.3 0
0 2.9 0
.3 50.7 0
.6 .6 2.5
0 1.2 .6
0 0 0
0 0 0
4.0 14.7 7.6
4.2 146.8 1.9
6.9 37.2 5.3
0 6.1 0
59.5 61.S 5.2
2.1 1.1 0
83.4 294. 103.3
7.8 .7 13.6
13.3 8.¢ 33.1
58.9 247. 120.5
26.0 107.61 93.3
0 0 0
8.2 27.5 t 87.7
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0 0 0
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5.8 3.S 1.6
8.8 I0.) I.C
.8 .6 0
.1 .+ 0
o 2oi 6,1
0 .3 .6
0 0 0
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13.3 i_.8 14.8
6.5 12.7 7.6
11.4 279.4 17.9
0 0 0
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0 0 5.3 0
0 0 0 0
0 0 0 0 0 0
33.9 58.3 74.1 58,8 160.4 77._
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
7.2 5.5 0 0 0 0
0 0 0 0 0 0
0 0 o 0 0 0
.6 .8 0 0 5.4 1.0
9.8 5,3 1.5 8.9 19.3 2.1
.9 0 o 0 4,5 0
0 0 0 0 0 0
0 0 0 .4 .7 3.8
0 0 0 0 3.3 0
0 0 0 0 0 0
0 0 0 12.2 0 .9
1.5 10.5 14.'_ 10.5 35.4 26.9
6.0 4,1 I.ii 4,3 12.0 2.9
13.5 .2 7.6 18.3 35.9 17.2
0 0 0 0 0 0
9.1 46. 142.5 150.3 281.8 109.9 1,142.7 82.2 0
10.4 0 0 0 16.8 18.7 1.7 5.2 0
44.7 50.2 95.8 98.6 87.2 39.6 131.9 55.2 341,_
29.5 2.9 2.6 .8 7.1 3.4 7.4 10.9 I04.)
78.6 128._ 38.0 88.7 249.8 77,0 5.6 1.1 4.)
37.6 I05.C i08.8 65.7 152.1 53.1 259.6 151.3 857._
20.8 56.2 38.7 36.1 44.8 62,1 185.7 79.5 1,082._
0 0 o 0 o 0 0 0 5._
30.5 28.E 21.4 32.f 51.7 32._ 56.3 59.8 1,279.(
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0 5.7 346.4 0
0 13.3 0 o
0 1.6 0 0
2.6 212.4 21,6 12.6
0 0 1,207.7 0
0 0 91._ 0
0 0 0 0
.5 1.9 533._ .4
0 0 0 0
0 0 0 0
5.C 12.9 ._ 1.3
2._ 44.6 14._ 14.6
0 22.3 I._ 2.4
0 7.0 ,8 0
0 1.5 775.2 .3
0 12.2 0 0
i
0 1 0 0 0
0 10,2 0 0
4.9 139.4 34.5 13.1
2.0 55.7 90,1 45.1
2.1 80.1 214.7 24.1
0 5.7 0 5. _.
3.4 241 .£ 36.0 29.(
0 45._ 9.8 18._
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0 0 5.
0 0 33._
0 0 2.,
55.2 351.3 417.1
0 0 4.(
0 0 5.:
0 0 0
0 0 2._
0 O 0
0 0 41.:
6.8 5. 6.6
.3 11.7 ..=
1.1 16.3 12.1
0 0 0
15.7 0 11.3
o 91 69
0 o 0
0 6.6 7.4
16.6 46.8 200.9
9.3 7.6 61.7
3.1 87.6 50.2
0 6.0 32.
17.0 14.0 29.2
.3 1.7 41.6
7.2 807.¢ 128.7 176.6 108.0 220.1 138.
0 11.5 5,910.1 .] 33.7 117.5 31.4
1.7 28.3 244.2 8._ 51.4 15.9 365.6
15.3 441._ 97.5 131._ 131.2 222.5 417._
12.1 430._ 737.9 42.6 52.9 491.7 36._
0 0 84.4 0 0 .3 0
18.1 I01.I 103,0 82.6 640,3 112.7 0
898,0 2,247,3 2,527,2 734,2 908._ 924.3 892.C 1,696.4 1,031,_ 5,517.4 415.9 1,129.! 263.4 4,674.11 5,330.9 2,239.2 3,347.1 5,967.4 19,873.C
6.2 6.1 10.7 10.5 18.( 12.3 24.( 16.7 281._ 7.7 .9 .21 9.2 42._ 150.2 98.4 150.3 138.0 0
i
.4 3.1 2.6 .4 .3J 5.9 3._ 13.7 18.{ 6.1 ,7 .4 1.2 17.8 88.7 34.3 9.8 78.2 15._
30.6 127.1 35._ 29.8 29.Z 47.6 53.6 177.8 219.0 187+6 11.4 671.1 30. 176.6 823._ 204.0 632.2 767.9 4.6
58.5 65.9 568.2 337.5 368.6 496.7 673.; 861.0 307.4 205,4 0 0 32.5 320.1 5,242.2 0 0 0 0
46.4 243.4 125.0 295.4 66.0 81.7 212.4 222.5 219.6 206,C 298.3 3,297.8 136.3 1,107.4 788._ 1,187,7 1,692.1 1,580, 0
I I
166.2 3,743.0 117.01 246.6 216.41 167._ 103.7 155.9 123.6 1,336._ 205.5 1,877.5 247.5 2,521.4 8,698._ 1,055.5 2,760._ 3,127.& 8,741._
3.1 i04.9 5.3, 1.3 37+11 30.6 1.4 6,0 42.4 17.g 4.g 1.4 76.3 103.2 454.C 79.5 315.1 933.8 368._
19.8 711.7 186.6 404.4 203.4 93.8 51.4 129.5 126.7 198,C 72.6 82.4 134.3 1,981.7 2,450.3 306.9 1,701.C 3,127.6 4,051.(
1,003.3 2,559.7 3,223.1 1,367.5 1,343.8 1,508._ 1,781.1 2,793.6 1,577.1 5,934,_ 714.9 4,428.1 433._ 6,119.4 11,450.3 3,461.2 5,049.{ 7,626.5 19,888.!
225.9 4,692.8 355.5 692.6 504.3 352+I 234.9 485._ 793.1 1,747._ 295.3 2,632.6 497.4 4,825.4 12,576.4 1,744.3 5,559.0 8,094.7 13,167.:
1,229.2 7,252.5 3,578.6 2,080.1 1,848.1 1,860._ 2,016.0 3,279.5 2,370.2 7,682._ 1,010.2 7,060.7 930.8 10,944.8 24,027.1 5,205.5 10,608.0 15,721.2!33,056.]
1,532.3 8,518.3 4,355.1 2,394.7 2,351.7 2,407._ 2,602.2 4,453.C 2,831.0 9,878.] 1,515._ 10,868.6 1,008.1 13,378.9 34,711._ 5,814.2 11,750.9 17,458.1 35,018.(
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8.3 311.2 30.0 30.0 2.6 737.9 0 22.3 1,140.0
88.7 1,604.1 0 4.9 0 44.9 0 454.1 310.0
0 439.8 0 2.4 0 60.4 197.5 158.7 134.9
35.01 246.2 39.5 18.6 4.4 157.7 0 1,020.9
0 185.5 5.4 118.1 0 283.2 130.1 1,898.2
• 3: 12.4 1.5 12.8 0 80.0 14.1 54.C
0 20.2 0 18.2 230.5 315.5 20.0 17.2
0 367.6 ,I .7 150.3 827.1 94.4 272.C
0 0 0 0 6,649.3 341.8 0 87.7
0 15.9 0 59.8 15,326.2 636.8 0 76.5
22.7 2,535.3 0 4.5 0 808.8 517.1 1,133.2
7.C 997.5 0 0 0 62.8 0 149.2
16.51 5,820.5 0 0 0 65.9 0 1,057.2
5.71 2,945.8 0 7.6 b 575.6 0 706.4
i
11.31 454.7 7.8 .6 3.4 287.8 259.8 441.1
0 1,236.9 .6 0 0 459.6 0 534.3!
0 1,224.8 0 0 0 770.1 0 346.1!
14.6 1,515.9 26.1 7.8 0 690.4 134.7 167.]
39.C 1,625.0 .6 21.3 14.5 828.0 642.7 335._
13.1 522.1 2.1 23.6 42.3 323.8 202.6 541.] i
75.C 3,546.9 239.7 27.5 686.1 190.4 52.5 2,167._
.5 121.7 i 0 0 34.6 0 0 192.C
3.5 7,191.3! 5.0 15.6 0 0 0 317.6
2.1 481.( 1.7 13.0 0 131.2 0 65.]
147.1 7,125.S 1.2 3.5 316.4 361.2 0 750.7
60.2 888.3 657.3 50.0 0 5,037.8 15,341.4 5,060.7
I 20.5 1,377._ 1.4 70.8 0
365.6 4,893._ 2.7 263.5 0
49.g 5,177.1 0 254.8 407._
5.6 11,474._ 9,365.7 25.0 8,951.2
29.1 3,795.C 4,682.4 0 378.S
7,589.9 11,189.7 245.7 4,821.5 8,000.£
0 1,312.{ 0 0 0
27.0 1,150.( 0 2,246.2 1,500.{
0 L4,354.4 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
4,424.9 28,899.3 23.1 97.6 94.2 4,926.4 1,208.7 5,115.6 941.0
190.9 3,999.C 1.4 1.9 I.C 164.1 63.3 199.1 19.3
226.3 41,113.8 49.4 77.6 94.{ 6,315.0 2,562.5 6,257.2 2,158.7
7,616.9 12,339.7 245.7 7,067.7 9,500.C 585.7 1,507.1 20,652.9 13,854. 21,517.3 0
4,842.1 89,678.5 73.9 177.1 189.2 11,405.5 3,834.5 11,571.9 3,119.0 1,473.8 0
12,459.0 102,018.2 319.6 7,244.8 9,689.2:11,991.2 5,341.6 12,375.8 58,316.8 1,497.2 0
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174.9 1,079.1 1,369.8 2,448.9 4,035.1 1
5.0 1,653.9 769.1 2,423.0 2,759.8 2
0 700.1 293.6 993.7 997.7 3
176.9 149.5 422.5 1,391.2 1,813.7 3,972.3 4
89.8 5.6 716,9 1,999.1 2,716.0 3,939.1 5
8.0 723.7 119.3 787.2 906.5 1,058.4 6
10.7 1,090.3 373.9 1,348.7 1,722.6 1_849.2 7
94.8 3,830.1 1,289.8 4,347.3 5,637.1 6,254.6 8
0 2,130.7 341.8 8,867.7 9,209.5 9,227.5 9
3.8 4,709.S 712.5 20,116.0 20,828.5 21,019.4 10
522.4 33.3 3,865.7 1,688.9 5,554.6 5,651.0 11
22.6 88._ 1,060.3 260.6 1,320.9 1,532.3, 12
453.0 1,009.4 5,886.4 2,519.6 8,406.0 8,518.3 13
I
26.6 26.81 3,529.0 759.8 4,288.8 4,355.1 14
74.4 0 1,002.9 526.7 1,529.6 2,394.7 15
I
55.4 20.71 1,696.5 611.0 2,307.5 2,351.7 16
43.9 22.3 1,994.9 412.3 2,407.2 2,407.2 17
6.1 2.0 2,348.8 201.2 2,550.1 2,602.2 18
67.8 77.6 3,117.C 496.3 3,613.S 4,453.0 19
328.5 266.8 1,072.1 1,180.8 2,252.S 2,831.0 20
313.3 1,519.2 3,817.3 4,926.2 8,743., = 9,878.1 21
204.5 905.9 121.7 1,337.C 1,458.7 1,515.3 22
40.9 194.8 7,206._ 558.3 7,765.2 10,868.6 23
0 60.2 625._ 127.C 752._ 1,008.1 24
226.5 1,130.3 7,490._ 2,425. I 9,915.7 13,378.9 25
997.3 275.2 21,317._ 6,990.5 28,308.0 34,711.9 26
0 0 1,634.0 239.6 221.0 1,448.{ 2,096.C 3,544.0 5,814.2 27
0 0 1,000.0 714.6 0 5,156._ 1,717._ 6,874.1 11,750.9 28
0 725.4 2,085.8 1,546.0 3,084.4 6,157._ 7,124.C 13,281.3 17,458.1 29
0 0 3,064.7 400.0 1,391.2 ii,499._ 23,172.E 34,672.6 35,018.0 30
0 0 1,475.6 0 0 3,795.{ 6,536._ 10,331.9 13,480.7 31
585.7 1,507. 20,652.9 13,854._ 21,517.3 18,104.0! 64,270._ 82,374.8 170,172.7 32
0 0 0 0 0 1,312.01 0 1,312.0 2,489.5 33
0 0 0 0 0 3,396.2 1,500.{ 4,896.2 8,192.8 34
0 0 0 0 0 i4,354.4; 0 14,354.4 20,620.7 35
0 0 0 0 13,281.7 36
0 0 0 0 18,522.3 37
770.9 35,132.01 6,944._ 42,076.8 89,747.8 38
6.2 4,228.3 227.{ 4,455.3 9,193.6 39
696.7 50,068.9 9,256.C 59,324.9 85,151.5 40
0 0 210,169.5 41
0 0 207,203.1 42
0 0 417,372.6 43
13,480.7 170,172.7 15,390.4 8,299.4 42,887.7 26 069.9 23,673.9 59,512.1 25,226.2 46,140.3 228,215._ 189,156._ 417,372.6 664,465.0 44
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The final demand and payments sectors of the Boulder transactions table are
more disaggregated than in many comparable tables. The definition of each of
the government sectors has been given in Chapter III and will not be repeated
here, but the present arrangement is much more revealing than a single sector
labeled "government." Similarly, imports and exports are disaggregated into
trade with the Denver Metropolitan Area, the rest of Colorado, and the "rest-
of-the-world. '_/
Each row of Table 13/-1 shows total sales by the sector named at the left to
all sectors in the Boulder area, and to the final demand sectors identified in
columns 32 through 40. The rows show the outputs of each sector of the Boulder
economy. Similarly, the columns report all purchases made from establishments
within the processing sector of the Boulder economy, as well as payments made to
all of the payments sectors (rows 32 through 40). Reading down the column one
finds the inputs to the sectors listed at the top of the table. This two-way
arrangement shows the interdependence of all the sectors of the Boulder economy,
and the flows between each of these sectors and the State and National
economies.
From the transactions table it is possible to estimate the Gross Area
Product -- the local counterpart of Cross National Product -- which is defined
as the total value of goods and services produced in a given accounting period. _/
The GAP for Boulder in 1963 was estimated as $196.4 million.
_he smace aDd@pace-ve_a_edsectors -- The space sector shows relatively
little interdependence on the output side. The only sale within the processing
sector recorded by the space "industry" in Boulder is one of $18,000 to the
space-related sector. The bulk of the output of the Boulder space sector goes
to final demand -- $6.6 million to Federal govermnent (other); $87.7 thousand
exported to the Denver Metropolitan Area, and $2.1 million exported to the
"rest-of-the-world." When additions to inventory of $341.8 thousand are added
to the above, the Total Gross Output of the Boulder space sector in 1963
amounted to $9.2 million.
2/
=-Needless to say, the "rest-of-the-world" in the present case is
essentially the remainder of the United States.
_/GAP for Boulder was estimated by summing the Household, Gross Private
Capital Formation, Govermnent and Export Columns, adjusting for inventory change ,
and from this result subtracting inter-and intra-goverrenental transactions and
imports.
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The situation is quite different on the input side, however, where there is
a greater degree of interdependence with other sectors of the Boulder economy.
Some of the purchases are relatively small, but others loom quite large when
related to the Gross Area Product of about $196 million. The space industry
purchased about $160,000 from Boulder manufacturing establishments, and almost
this much ($137,000) from space-related establishments in the area. Purchases
from the trade sectors (rows II through 20) amounted to $77.5 million, and the
space sector spent over one-half million dollars ($513.5 thousand) with service
establishments in the Boulder area. Purchases from the transportation and
financial sectors, plus purchases from utilities and the University of Colorado,
amounted to $372.5 thousand. The largest input by far -- almost $2.5 million
-- was from households, representing the purchase of labor services.
The space sector is a relatively larger importer, since many of the
raw materials used in research and development activity as well as in production
have not been produced locally up to now. In 1963 the Boulder space sector
imported almost $723 thousand from the Denver Metropolitan Area, and $18.5
thousand from elsewhere in the state. The vast bulk of its imports, however,
almost $1.6 million, came from elsewhere in the United States. It should be
noted, however, that total local final payments (row 41) by the space sector
amounted to $5.3 million while import payments of $2.7 million were slishtly
more than half this amount.
The space-related sector, as defined in Chapter IIl, accounts for a larger
part of total activity in the Boulder economy than the more narrowly-deflned
space sector. The Total Gross Output of the space-related sector in 1963 was
more than $21 million, or about 2.3 times as much as that of the space sector.
To some extent the distinction between these two sectors is an artificial one
since, by definition, space-related activities would not be taking place if it
were not for the space program. For analytical purposes it is useful to
distinguish between these two sectors, however, even though it must be borne
in mind when measuring the impact of space activities on the local economy
that the combined impacts of these two sectors must be considered.
Like the space sector, the space-related sector shows relatively little
interdependence on the output side. Its largest inter-industry transaction,
of $137 thousand, was with the space sector, and the next largest of $41
thousand was with the University of Colorado. More than $15 million of the
output of the space-related sector went to the Federal government (other),
accounting for almost 73 per cent of total output in 1963.
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On the input side the space-related sector also showsa relatively high
degree of interdependence. Total local final payments (row 41) of $13.4 million
were more than twice as large as import payments. Purchases from local
manufacturing establishments amounted to more than $40 thousand, and there were
purchases of $64 thousand from local trade establishments. Payments to the
local service sector amounted to $96 thousand. And those to construction,
transportation, utilities, the financial sector, and the University of Colorado
came to more than $797 thousand. As in the space sector, the major local inputs
are those of labor services which amounted to $7.8 million in 1963, or 37 per
cent of Total Gross Outlays.
In terms of Total Gross Output, the space sector ranks tenth among the 31
processing sectors in the Boulder economy. And the space-related sector is in
third place, being outranked only by the University of Colorado and the contract
construction sector. When the space and space-related sectors are combined_
total output in 1963 amounted to slightly more than $30 million. This, however_
is not enough to change the rank order since the output of the contract
construction sector was $34.7 million, and that of the University of Colorado
was $35 million. It might be noted parenthetically that the Boulder economy
has experienced a strong construction boom in recent years, and that much of
this has been stimulated by local growth of the space and space-related sectors.
The total impact on the Boulder Area economy is thus much greater than that
generated by the output of the space sectors alone in a given year.
Profile of the Inter-industry Structure of the B_ulder Economy
It is evident from an examination of Table IV-I that the bulk of sales by
the 31 processing sectors in the area are to final demand. Chart IV-I
summarizes sales to final demand as a per cent of Total Gross Output. Only one
local sector in the Boulder economy, printing and publishing, sells less than
half of its Total Gross Output to final demand. This Is characteristic,
however, of the "open" economies of communities of the size of Boulder,
particularly if they approximate the same degree of specialization. The nation-
al economy is, of course, much more "closed." This can be seen by comparing
a chart similar to Chart IV-I for the national economy. _/- As the authors of the
most recent national study point out, in 1958 "of the 86 separate industries
_/See Goldman, Marimont and Vaccara, o__. ci__/_t.,p. 12.
CHARTIV- i
SALESTOFINAL DEMANDAS PERCENTOFTOTALGROSSOUTPUT
Boulder Area, 1963
Industrial Sector
17. Apparel & accessories (trade)
9. Space
3. Furniture & fixtures (mfg.)
i0. Space-related
30. University of Colorado
13. Eating & drinking (trade)
14. Food stores (trade)
ii. Automotive dealers (trade)
i6. General merchandise (trade)
18. Furniture & appliances (trade)
22. Lodging (services)
7. Professional & scientific (mfg.)
8. All other manufacturing
21. Professional (services)
2. Food & kindred products (mfg.)
12. Gas service stations (trade)
6. Machinery (non-electrical)(mfg.)
26. Contract construction
19. Other retail (trade)
i. Extractive (agriculture & mining)
20. Wholesale (trade)
I. Local government
129. Finance, insurance & real estate
124. Other rentals (services)
25. All other services
23. Real property rentals (services)
5. Stone, clay & glass products(mfg.)
15. Lumber, building, hardware (trade)
2 Utilities
Printing & publishing (mfg.)
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examined, 51 sold over half of their output to intermediate users; as many as
.5/
36 sold more than three-fourths of their output to industrial users. -
The degree of interdependence on the input side is also not large whe_..___n
households ar___eeexcluded from th____eprocessin_ sector. Inter-industry transactions
as a per cent of total outlays (or inputs) are summarized in Chart IV-2. The
rankings are quite different from those in Chart IV-I. The sector exhibiting
the highest degree of interdependence on the input side is contract construction
which obtained more than 36 per cent of its inputs from other processing sector
establishments. Inter-industry transactions accounted for 20 per cent or more
of total inputs in 12 of the 31 processing sectors. Only one manufacturing
sector, food and kindred products, was in the group of sectors exhibiting a
fairly high degree of interdependence on the input side.
The space-related sector exhibited the smallest degree of interdependence
on the input side of the 31 processing sectors. Only five per cent of its
inputs came from other processing sectors. The space sector, however, purchased
14 per cent of its total inputs from other processing sectors in Boulder. It
should be noted again that in the basic transactions table (Table IV-l) house-
holds are not included in the processing sector. If they had been the degree
of interdependence throughout the table would have been much larger than that
shown by Chart IV-2.
Other sectors which purchase a relatively small proportion of total inputs
from Boulder processing sectors include the University of Colorado (5.6 per
cent), professional and scientific manufacturing (7.7 per cent) and "other
rentals" (7.9 per cent). A total of eight sectors purchased less than I0 per
cent of total inputs from processing sector establishments in 1963.
Direct Input Coefficients
The construction of a transactions table is the most expensive and time-
consuming part of an input-output analysis. The transactions table describes
the structure of the economy to which it applies. From the transactions table
other tables can be derived for analytical purposes. The first such table is
the table of direct coefficients, and Table IV-2 shows the direct purchases per
dollar of output for the Boulder area. This is a smaller table than Table IV-1.
In addition to the processing sectors it includes only households, a row
5/Ibi__d., p, 13
CHART IV-2
INTER-INDUSTRY TRANSACTIONS AS PER CENT
OF TOTAL INPUTS
Boulder Area, 1963
Industrlal Sector
26. Contract construction
23. Real property rentals (services)
2. Food & kindred products (mfg.)
22. Lodging (services)
19. Other retail (trade)
18. Furniture & appliances (trade)
17. Apparel & accessories (trade)
16. Ge_eral merchandise (trade)
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headed "total payments (less households)," and the sum of all these which in each
case adds to one. These coefficients, which are nothing more than percentages
of adiusted Total Gross Output, are carried to five decimal places to ensure
accuracy in later computations. Payments to households as a per cent of total
inputs are given in Chart IV-3. Most of these are quite large compared with
the Inter-industry transactions given in Chart 13/-2. Ranking first in the
Boulder economy is Sector 14 -- food stores. This sector purchased 67 cents
worth of household services for each dollar of output. It is worth repeating
that the "output" of food stores, and all other trade sectors except eating and
drinking establishments, is defined as the margin on goods sold. The only other
sector in which household payments amount to 60 per cent or more of total inputs
is Sector 12, gasoline service stations. Others which rank not far behind,
however, are the University of Colorado, and local government. Payments to
households by professional services are also high.
The space sector ranks 24th in payments to households. In 1963 this sector
purchased 27 cents worth of household services for each dollar of output. The
space-related sector ranked 14th, and 38 per cent of its expenditures per dollar
of output went for household services.
Another useful summary measure of direct purchases per dollar of output
is that of total payments, exclusive of household payments, row 33 in Table IV-2.
This is the sum of payments to government and imports to which are added
inventory depletions and business savings. This row added to households
payments and the sum of inter-industry transactions adds to one as indicated by
row 34 in the table of direct coefficients. The three measures, inter-lndustry
transactions, payments to households, and "total payments (less households)"
give a summary profile of the structure of the Boulder economy in 1963.
The distribution of total payments (less households) is given in Chart IV-4.
At the top are the extractive industries of agriculture and mining which are
not a large part of the Boulder economy as defined for purposes of this study.
About 61 per cent of the total payments of this sector were for imports, and
about 54 per cent of the import payments were made elsewheze in the state. At
the lower end of the scale are food stores (Sector 14) which rank high in both
household payments and inter-industry transactions. Because of its relatively
high payments to households, the University of Colorado, the largest sector in
the Boulder economy, paid only 38 cents per dollar of output to the sectors
combined under the heading of total payments.
CHARTIV-4
TOTAL PAYMENTS, LESS HOUSEHOLD PAYMENTS, AS PER CENT OF TOTAL INPUTS _/
Boulder Area, 1963
Industrial Sector Per cent
ii i
i. Extractive (agriculture & mining)
5. Stone, clay & glass products (mfg.)
_4. Other rentals (services)
6. Machinery (non-electrical) (mfg.)
_8. Utilities
9. Space
[3. Eating & drinking (trade)
3. Furniture & fixtures (mfg.)
10. Space-related
29. Finance, insurance & real estate
7. Professional & scientific (mfg.)
23. Real property rentals (services)
8. All other manufacturing
[5. Lumber, building, hardware (trade)
26. Contract construction
25. All other services
2. Food & kindred products (mfg.)
20. Wholesale (trade)
22. Lodging (services)
27. Transportation
4. Printing & publishing (mfg.)
30. University of Colorado
31. Local government
iii. Automotive dealers (trade)
16. General merchandise (trade) _
i8. Furniture & appliances (trade)
17. Apparel & accessories (trade)
21. Professional (services)
19. Other retail (trade)
12. Gas service stations (trade)
14. Food stores (trade)
_/Total payments equals the sum of rows 33 through 40 in Table IV-I.
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Total payments for the space and the space-related sectors came to 58 and
57 cents respectively, per dollar of output. As already noted both of these
sectors must import substantial quantities of inputs, but in 1963 their total
payments as a per cent of all inputs were augmented by substantial additions to
business savings.
Table IV-2 supplements Table IV-I in providing a description of the
structure of the Boulder economy in 1963. But in addition it permits one to
determine the direct impact upon each sector of the Boulder economy resulting
from an addition to output of one dollar by any other sector. If the input-
output analysis stopped here, however, it would provide only a surface view of
economic interdependence. The principal value of Table IV-2 is that it provides
the raw material for a general solution of the input-output system. This pro-
vides a powerful analytical tool for tracing through all of the repercussions of
an increase in sales to final demand by one or more sectors upon every other
sector in the area economy. The method of solution was mentioned briefly in
Chapter II together with references which describe the process of arriving at a
general solution in some detail. In the next section the economic meaning of
this general solution will be discussed briefly, although a discussion of the
way in which this solution is used to estimate income and employment multipliers
will be deferred until Chapter V.
Direct and Indirect Requirements Per Dollar of Delivery to F_,-I De-_nd
v
Table IV-3 is the final table in a standard input-output analysis. It is
a transposed inverse of the Leontief matrix, or a general solution of the system
6/
of linear equations describing the structure of the Boulder economy.- This
table shows the direct and indirect requirements per dollar of delivery to final
demand by each of the 31 processing sectors. As is customary, households are
not considered a processing sector in this basic table. The inclusion or
exclusion of households from the processing sector is not a matter of whim or
Judgment. Because most sales to households are for final consumption, rather
than intermediate use, households constitute an important component of final
demand. When an impact study is being made, however, it is necessary to
_/The Leontief matrix is defined as an identity matrlx of the same order
minus the matrix of direct coefficients (Table IV-2). An identity matrix has
l's along the main diagonal running from the upper left corner to the lower
right, and zeros everywhere else. It is the process of inverting this matrix
which shows the direct and indirect requirements from all processing sectors to
support the sale of one dollar to final demand by each of these sectors.
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.00516 .03350 .00420 .07161 .05527 .02578 .00007 .02958 1.39595 19
.00765 .02063 .00282 .03150 .02828 .03202 .00004 .02108 1.22104 20
.00031 .02021 .00308 .00133 .03994 .03440 .00008 .02325 1.29464 21
.00374 .04352 .01113 .00286 .11087 .06353 .00009 .05389 1.39813 22
.00021 .03700 .01405 .00177 .08656 .i0578 .00063 .12416 1.39584 23
1.00009 .00916 .00043 .00243 .01799 .01423 .00001 .02058 1.09237 24
.00380 1.04368 .00206 .00387 .03991 .03925 .00002 .01381 1.22335 25
.00100 .00920 1.25195 .01342 .00911 .03513 .00359 .00792 1.48790 26
.00338 .03309 .00048 1.00220 .02593 .01021 .00001 .01717 1.12385 27
.00012 .01092 .00408 .00487 1.01382 .00592 .00004 .05595 1.11034 28
.00019 .01468 .00886 .00160 .01495 1.03100 .00005 .00827 1.11707 29
.00130 .00531 .00127 .01121 .01340 .00233 1.00002 .00151 1.06620 30
.00028 .01254 .00585 .00222 .02896 .00527 .00044 1.00440 1.09161 31
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consider households bot____hasa final demand sector and as a processing sector.
There is a similar table in Chapter V which does include households as a
processing sector in order to add induced effects to the direct and indirect
effects of Table IV-3.
Table IV-3 has been transposed to facilitate reading. In this form each
row shows the direct and indirect requirements from the sectors at the top to
support a delivery of one dollar to final demand by the sector at the left.
Each time one of the processing sectors adds one dollar to final sales the
direct effects are obtained by reading down that sector's column in Table IV-2.
But this is only the beginning of the interaction of purchases and sales which
leads to the results given in Table IV-3. For example, for each dollar of
output the space sector consumes about 2.05 cents worth of services provided by
utilities. But for each increase in sales to the space sector, the utilities
must also increase their purchases fmm local sectors which supply them with
goods or services, and the sectors supplying the utilities must in turn increase
purchases from their suppliers. Thus each additional sale to final demand sets
off a chain reaction, and when the effects of all the successive "rounds" of
purchases have been worked out the direct and indirect requirements of the
utility sector for each additional dollar of sales to final demand by the space
sector amount to 2.63 cents, an increase of .58 cents over the direct requirements.
By comparing Tables IV-2 and IV-3 it is possible to determine for each
sector the difference between direct and indirect requirements. It should
also be noted that Table IV-3 has fewer zeros than Table IV-2. This shows that
while some local sectors do not sell directly to the space sector, they are
suppliers to the suppliers of the space sector, and consequently each time the
latter increase their sales they too benefit indirectly. The same is true, of
course, of all other processing sectors. And Table IV-3 shows all of the inter-
relationships, however indirect, among the processing sectors of the Boulder
economy.
The combined direct and indirect effects are summarized in column 32 of
Table IV-3 which is the sum of all entries along each row. This column shows
that each time the space sector increases its deliveries to final demand by
one dollar, total sales by the Boulder processing sectors (including the space
sector) go up slightly more than $1.17. Similarly, when the space-related
sector adds one dollar to deliveries to final demand total sales by the Boulder
processing sectors go up slightly less than $1.06.
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Sectors with strong interdependence on the input side, such as contract
construction, have relatively large direct and indirect impacts on the local
economy as they expand. As will be noted in the next chapter, however, when
the induced effects of household consumption are added to the general solution,
the total impact upon the local economy of those sectors which have relatively
small direct and indirect impacts is increased substantially. This is true in
the case of both the space and space-related sectors. It is also true of
sectors like the University of Colorado and local utilities whose direct and
indirect impacts upon the local economy are relatively small.
Concepts and Conventions of the Transactions Table
All transactions in Table IV-I are valued at producers' prices in 1963
dollars. This convention excludes distribution costs which are assigned to the
transportation sector, and the appropriate trade sectors. The transactions in
the retail and wholesale sectors represent trade mar_in_ rather than total
sales. Trade margins are generally defined as operating costs plus profits. In
effect, the use of this measure allows the goods purchased by trade sectors for
later resale to "pass through" their establlshments to intermediate and ultimate
consumers. This shows the direct linkage between producers and users. It also
separates out the "value added" by the trade sectors. This convention is
followed in all trade sectors except eating and drinking. In the latter case
the full value of sales was counted since this sector is more comparable to a
manufacturing activity than to the other trade sectors. _/
For purposes of this study, inventory depletions were defined as the
beginning inventory in each sector on January l, 1963. Inventory additions were
defined as the ending inventory on December 31, 1963. It is possible, of course,
to determine the net inventory change for each sector by subtracting one from
the other. Inventory additions in the trade sectors were treated as if "sold,"
and the entries in the trade sector rows and the inventory additions column are
the trade margins on these "sold" ending inventories.
The assignment of each establishment to a sector was based on the estab-
lishment's primary product or activity. Product separation was attempted only
in the case of two government agencies, and in establishments in the space and
space-related sectors. In these cases all space and space-related activities
were assigned to these two sectors while all other activities were assigned to
one of the other industry groups or government sectors.
_/This treatment of the trade sectors which is conventional in input-output
analysis, is limited to Part I of the study.
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All of the entries in Table IV-l, with one exception, record current trans-
actions. As noted in Chapter lID it is customary in this type of input-output
analysis to assign all sales on capital account to a single sector -- in this
case column 37 which records Gross Private Capital Formation.
The flow data, both inter-industry transactions and sales to final demand,
in Table IV-l, are based on the household, business and government surveys. Con-
trol totals were derived from a variety of sources, and included among others,
published data on taxes and employment.
Specific comment is required on a few other entries since these do not
necessarily follow the conventions of earlier input-output studies: the house-
hold row records payments to households by the sectors at the top of the column.
The intersection of the household row and column represents payments to house-
holds by households. Included in this figure (indeed, accounting for most of it)
were sales of homes constructed before 1963, but sold during that year. The
same convention was followed in handling the sale of used automobiles. Such
sales do not add to the community stock of capital assets, but they represent
transactions. This method of handling the sale of older homes differs from that
followed in Part II where in the construction of income-product accounts only the
realtor or brokers' commission on the sale of an older home was included as an
addition to community product.
Local household payments to State government -- the intersection of row 33
and coltmm 32 -- does not include total tax payments. It consists largely of
license fees, payment for permits, and similar non-tax payments_ by residents to
State agencies with offices in Boulder. Tax payments by households to State
government, amounting to $5,031,300, are included in household imports from the
Denver Metropolitan Area (row 38, column 32).
The Federal government (local) row reports payments by sectors at the top
of the column to all Federal government agencies located i_.nntheBoulder area.
Payments to Federal govermnent agencies outside Boulder are recorded in the
Federal government (other) row. The State government row includes payments to
all State agencies, both inside and outside Boulder.
The business savings row includes both depreciation allowances and corporate
retained earnings. This differs from the treatment in the general model dis-
cussed in Chapter IIwhere the row counterpart to Gross Private Capital Formation
is depreciation allowances. In an open regional model, particularly where the
area is as small as that covered by this study, it is difficult to define
depreciation allowances as they relate to specific capital formation in
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the community. Also, it was necessary to record business savings to achieve
balance in the table, and for this reason the two were combined in row 37. In
some of the corporate firms, losses were reported to the interviewers. These
losses were considered as negative retained earnings, and subtracted from the
total of depreciation allowances to obtain a net business savings.
The direct input coefficients, or "technical coefficients," as they are
conventionally referred to in the input-output literature, have been discussed
and Table IV-2 requires little further discussion. It is important to point out,
however, that row 33 reports total payments less households. This differs from
the total payments row of Table IV-I which, as the footnote to that table in-
dicates, includes households. The reason for the separation in Table IV-2 is to
show an input coefficient for households comparable to the technical coefficients
of the processing sectors.
The three tables discussed thus far in this chapter provide the raw material
for the impact or "multiplier" analysis of the following chapter. While the
emphasis throughout this discussion (and this is true in Chapter V as well) has
been on the space and space-related sectors, the complete set of Input-output
accounts for the Boulder area can be used for many other purposes. The set of
tables can be used for making short-term projections of the Boulder economy. If
new activities come into the area which can be fitted into one of the existing
sectors, and the sales to final demand of these activities can be estimated, it
would be possible to estimate the effects on all other sectors of the Boulder
economy. While the focus of the present study is on the estimation of impacts,
i.e. the development of income and employment multipllerss it is worth noting
that once a basic transactions table has been constructed for an area it can be
put to a variety of other uses.
Trian_ularized Input-Output Tables
The ordering of sectors in most input-output tables published thus far,
whether national or regional, has been determined by systems of industrial
classification. It has been customary, for example, to place extractive
industries at the top of the table, and below these to list manufacturing, the
trades and services, and government agencies, followed by the activities
included in the payments sector. In brief, the ordering of sectors in input-
output tables followed the pattern of other purely descriptive statistical
tables.
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More recently, however, a number of input-output tables have been published
in "triangularlzed" form. In this arrangement the rows of sectors with a high
degree of interdependence on the input side, but with relatively large sales to
final demand (and thus less interdependence on the output side) are placed at the
top of the table, and those with the opposite characteristics are placed at the
bottom. This arrangement has the virtue of stressing "dependence and indepen-
dence, hierarchy and circularity (or multi-regional interdependence) . . . the
four basic concepts of structural analysis.,,_/A
When the Boulder tables were being prepared a decision about the form in
which they were to be presented had to be made. Triangularized tables have great
advantages for comparative purposes, but unfortunately few of the regional tables
published thus far have been in this form. Thus the decision was reached that
the Boulder tables would be published in both forms. The conventionally-ordered
tables have been discussed, and a triangularized version of the transactions
table is given in Table IV-4. Except for the ordering of rows and columns, this
table and Table IV-I are identical.
Trlangularlzing an input-output table to highlight its peculiar structural
properties can be a difficult task. As Leontief has noted, "It is complicated
by the fact that one must take into account not only the distinction between
zero and non-zero entries but also the often more important difference between
their actual numerical magnitudes. '_/-
A relatively simple procedure was followed in triangularlzlng the Boulder
table. Each sector's sales to final demand was expressed as a per cent of its
total output. To obtain a first approximation of the triangularized table_ the
sectors were ordered with the larger percentages at the top of the table and the
smaller at the bottom. After visual inspection of both the distribution of zero
entries and the magnitudes of numerical entries, some of the rows and columns
were rearranged to obtain the ordering given in Table IV-4.
Table IV-5, the triangularized direct coefficient table, is a counterpart
of Table IV-2. The only difference between these two tables is in the ordering
of sectors. Finally, Table IV-6 is a non-transposed inverse of an identity
matrix minus Table IV-5. l_en a matrix is transposed the rows and columns are
, In__
_/Wassily Leontlef, "The Structure of Development," Scientific _merican,
Vol, 209, No. 3 (September 1963), p. 151.
2/Ibi____d.,p. 154.
1. Apparel & accessories (trade)
2. 'Space
3. Furniture & fixtures (mfg.)
4. Professional & scientific (mfg.)
5. Space-relatad
6. Stone, clay & glass products (mfg.)
7. University of Colorado
8. Food & kindred products (mfg.)
9. Food stores (trade)
10. Machinery (non-electrical) (mf_l.)
1 I. General merchandise (trade)
12. Furniture & appliances (trade)
13. Lodging (services)
14. All other manufacturing
15. Professional (services)
16. Eating & drinking (trade)
17. Gasoline service stations (trade)
18. Automotive dealers (trade)
19. Contract construction
20. All other retail (trade)
21. Extractive (agriculture & mining)
22. Wholesale (trade)
23. Local government
24. Finance, insurance & real estate
25. Other rentals (services)
26. All other services
27. Real property rentals (services)
28. Lumber, buildin_l materials & hardware (trade)
29. Transportation
30. Utilities
31. Printing & publishing (mfg.)
32. Households
33. State government
34. Federal government (local)
35. Federal government (other)
36. Inventory depletions
37. Business savings
38. Denver Metropolitan Area
39. Rest of state
40. Rest of world
41. Local payments
Imparts
42. Import payments
43. Total payments
44. Total gross outlay
0{ 0
0 0
0 0
0 100.0
0 137.4
0 0
0 12,0
0 0
0 0
0 0
0 18.2
0 0
0 0
0 2.2
7.6 24.3
0 0
1.5 0
0 1.6
2.6 0
14.4 41.:
0 0
1.1 16.2
21.4 30.3
38.7 18._
0 21.7
95.8 82.3
142.5 385.2
0 ._
38.0 154.5
108.8 187.2
74.1 58.4
o
0
0
0
o
o
.8
I,I
3.0
o
7,4
2.0
0
1,5 I.i 6.5
3,6 4.3 21._
16.5 30.3 9.4
.I 0 6.8
11.4 19,2 62.3
12.7 0 6.0
15.2 1.2 4.1
17.6 25.1 393.3
13.3 9.2 146.0
4.1 12.2 17.0
0 0 0 0 0
0 0 18.0 0 0
0 0 0 0 2.4
0 0 18.0 0 0
0 2.3 10.0 0 41.2
0 0 0 0 4.0
0 0 237.3 0 0
0 0 0 0 33.0
0 0 0 0
0 5.31 0 5.7
0 0 0 6.9
0 0 0 7.4
0 0 0 32.1
0 50.6 2.5
3.6 21.: 12.4 50.2
0 1.9 .3 12.1
.5 .6 1.4 .5
.4 o .4 6.8
3. 11.4 0 31.4
2.3 51.1 6.0 200,9
0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
.9 0
0 0
0 .6
0 0
0 0
0 0
2.5 5.3
4.2 0
4.6 0
4.8 0
0 13.6
.3 7.6
0 297.1 5.3 772.1 112.8 0 0
18.2 61.7 3.0 1.9 .7 4.
56.0 0 10.5 87.7 4.5 28.8
43.0 36.9 32.5 93.3 13.3 56.3
.7 41.6 0 0
48.8 138.7 33.6 130.3!
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 12.2
.3 0 0
.i 5.5 o
4.9 .2 18.3
.2 0 0
.8 5.3 8.9
.l .8 0
1.7 2.9 .8
2,5 10.5 10.5
0
0 29.2 6.0 5.2
0 11.3 0 2.5
65.9 365.6 12.0 33.1
66.0 417.4 27.9 120.5
6.5 417.1 7.3 189.1
0
0
0
.6
0
0
0
17.9
0
1.0
1.6
10.9
14.6
0
4.3 7.6
32.6 59.8
36.1 79.5
0 0 0 5.2
9.5 50.2 98.6 55.2
22.3 46.5 150.3, 82.2
.9 0 .4 6.5
2.3 128.1 88.7 l.l
17.6 105.0 65.7 151.3
1.2 58.1 58.8 I0.i
924.3 2,492.8 287.9 560.7 7,760.3 569.8 19,873.0 660.8 2,527.2 288.6 908.9 892.0 415.9 1,806
12.3 56.2 2.7 14.7 10.5 21.4
5.9 439.9 0 5.6 2,465.8 .7
47.6 267.7 Ii.0 47.4 707.6 163.7
496.7 112.7 54.4 354.5 618.8 210.5
81.7 2,231.4 21.0 37.11 2,507.7 455.7
0 37.4 10.7
15.9 1.0 2.b
4.8 151.3 35.9
0 28.0 568.3
0 66.2 125.0
3.2 18.0 24.6 .9
.9 .3 3.0 7
34.3 29.4 53.8 11.4 163
78.6 368.6 673.7 _ 0 826
56.1 66.0 212.4 298.3 506
167.8 722.8 472.5 255.8 2,183.3 1,730.6 8,741.g 282.Z 117.0 159.6 216.4 i03.7 205.5 520
30.6 18.5 6.9 56.C 215.5 65.7 368.g 326.1 5.3 1.6 37.1 1.4 4.9
93.8 1,593.7 31.0 402.E 3,502.1 47.7 4,051.£ 284.4 186.6 352.6 203.4 51.4 72.6 1,698
1,508.6 5,276.8 363.2 957.9 13,352.6 1,236.7 19,888.9 756.0 3,223. 424.2 1,343.8 1,781.1 714.9 3,154
352.1 2,658.9 524.1 776.5 6,619.0 2,029. 13,167.2 1,081.6 355.5 551.3 504.3 234.9 295.3 2,414
1,860.7 7,935.7 887._ 1,734.4 19,971.6 3,265.8 33,056.1 1,837.6 3,578.6 975.5 1,848.1 2,016.0 1,010.2 5,569
2,407.2 9,227.5 997.7 1,849.2 21,019.4 3,939.1 35,018.C 2,759.8 4,355. 1,058.& 2,351.7 2,602.2 1,515.3 6,254
"F
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0 0
0 0
0 0
0 0
0 0
0 0
0 0
28.2 173.6
.7 50.7
0 0
.3 1.2
0 0
0 6.1
0 4.1
279.4 37.2
.8 2.9
10.7 6.3
3.9 0
7.4 .7
16.8 14.7
0 31.6
12.7 146.8
56.3 27.5
185.7 107.6
1.7 i.I
131.9 294.7
1,142.7 61.9
2.0 .6
5.6 8.5
259.6 247.7
49.2 40.3
!
o
>
.="
o
t<
A
__ _ _ _ _ Eo
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 1,207.7 0 .I 0 0 O
0 0 84.4 0 0 0 5.6 .3
0 0 0 0 0 0 88.7 0 '
.3 0 .8 0 0 5.7 0
0 0 91.8 0 4.3 0 .3 O
0 0 0 3.3 0 0 0 .9
0 0 0 0 0 0 14.8 6.6
0 0 0 0 0 0 .5 6.0
3.6 0 533.4 0 .3 0 0 0
6.9 10.7 214.7 35.9 13.9 11.4 75.0 87.6
0 18.3 1.9 4.5 0 .8 16.5 16.3
3.4 10.8 14.4 19.3 4.2 8.8 7.0 II .7
.3 1.0 .7 5.4 2.4 5.8 22.7 5.7
7.8 20.0 5,910.1 7. 1.1 3.4 60.2 117.5
4.0 25.7 34.5 35.4: 13.6 13.3 39.0 46.8
0 0 346.4 5.3 1.2 .4 8.3 0
4.2 11.9 90.1 12.0 10.4 6.5 13.1 7.6
8.2 55.8 103.0 51.7 26.3 32.4
26.0 II0.0 737.9 44.8 31.6 62.1
2.1, 0 9.8 16.8 45.8 18.7
83.4 186.6 128.7 87.2 40.1 39.6 147.1, 220.1
59.5 99.0 36.0 281.8 3.3 109.9 3.5 14.0
.6 0 775.2 .7 2.8 0 11.3 0
13.3 29.6 244.2 249.8 39.2 77.0 20.5 15.9
58.9 I00.1 97.5 152.1 57.3 53.
20.6 83.2 21.6 160.4 1.2 17.5
A
E
8 --
i i
o •
h
o 0 0
o o 0
o 1.6 0
o o 0
0 0 o
0 o 0
0 0 5.8
0 13.3 0
0 7.0 0
0 0 0
0 12.2 0
0 10.2 .9
0 5.7 0
.5 1.9 0
2.1 80. 17.2
0 22.3 0
2.4 44.6 2.1
5.0 12.9 1.0
0 11.5 104.7
4.9 139.4 26.9
0 5.7' 0
2.0 55.7 2.9
29.1 12.7 18.1 I01.I 1,279.0
49.9 491.7 12.1 430.3 1,082.9
2. 1.7 0 45.8 0
7.2 507.4 341.4
3.4 241.0 0
0 1.5 3.8
1.7 ! 28.7 4.7
365.8 222.5 15.3 441.8 857.4
35.0 351.3 2.6 212.4 77.2
O
'r.
A
F
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0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 5.9
7.2 .4
13.5 24.1
.91 2.4
9.8 14.6 .3
.6 1.3 6.8
29.5 .1 33.7
1.5 13.1 16.6
0 0 0
6.0 45.1 9.3
30.5 82.6 640.3
4
¢
o. -r
0 0 1,224.8
0 0 0
0 0 439.8
0 0 20.2
0 0 15.9
0 0 185.5
0 0 11,474.8
0 0 1,604.1
0 0 2,945.8
0 4.0 12.4
0 0 1,236.9
0 0 1,515.9
0 0 121.7
0 0 367.6
3.1 28.1 3,546.9
I.I 0 5,820.5
7.9 997.5
2.7 2,535.3
.2 888.3
9.4 1,625.C
0 311.2
3.9 522.1
35.9 3,795.(
20.8 42.6 52.9 120.8 5,177.]
10.4 18.4 .3 .7 481.(
44.7 176.6 108.0 74.0 7,125._
9.1 29.0 17.0 24.0 7,191._
0 .3 15.7 0 454.;
78.6 8.4 51.4 32.9 1,377 ._
37.6 131.2 131.2 40.7 4,893._
33.9 12.6 55.2 11.4 246._
5,517.4 2,247.3 898.0 2,701.1 5,330.9 1,696.4 459.0 1,031.5 7,589.9 5,967.4 263.4 4,674.1 1,129.9 734.2 2,239.2 3,347.1 2,002.0 11,189._
7.7 6.1 6.2 II.3 150.2 16.7 7.8 281.4
6.1 3. .4 6.4 88.7 13.7 0 18.6
187.6 127. 30.6 158.0 823.0 177.8 36.0 219.0
205.4 65.9 58.5 618.5 5,242.2 861.0 726.5 307.4
206.0 243.4 46.4 347.11 788.9 222.5 285.0 219.6
I
1,336.4 3,743.0 166.2 266.4, 8,698.5 155.9 380.7 123.6 4,424.9 3,127.4 247.5 2,521.4 1,877.5 246.6 1,055.5 2,760.4 659.2 28,899.
17.9 104.9 3.1 26.6 454.0 6.0 1,231.7 42.4 190.9 933.8 76.3 103.2 1.4 1.3 79.5 315.1 .2 3,999.'
198.0 711.7 19.8 752.9 2,450.7 129.5 609.3 126.7 226.3 3,127.6 134.3 1,981.7 82.4 404.4 306.9 1,701.0 291.0 41,113.
5,934.9 2,559.7 1,003.3 3,673.1 11,450.7 2,793.6 1,470.5 1,577.1 7,616.9 7,626.5 433.4 6,119.4 4,428.1 1,367.5 3,461.2 5,049.0 2,351.2 12,339.
1,747.6 4,692.8 225.9 1,215.2 12,576.4 485.9 2,265.5 793.1 4,842.1 8,094.7 497.4 4,825.4 2,632.6 692.6 1,744.3 5,559.0 1,224.5i 89,678.
7,682.5 7,252.5 1,229.2 4,888.3 24,027.1 3,279.5 3,736.C 2,370.2 12,459.0 15,721.2 930.8 10,944.8 7,060.7 2,060. 5_205.5 10,608.0 3,575.7 102,018.
9,878.1 8,518.3 1,532.3 5,651.0 34,711.9 4,453.0 4,035.1 2,831.0 13,480.7 17,458. 1,008.1 13,378.9 10,868.6 2,394.7 5,814.2 11,750.9 3,972.3 170,172.
0 138.0 9.2 42.5 .2 10.5 98.4 150.3 8.3 1,312.(
27.0 78.2 1.2 17.8 .4 A 34 q8 34.0 1,150.{
0 767.9 30.1 176.6 671.1 29.8 204.0 632.2 265.8 14,354._
0 0 32.5 320.1 0 337.5 0 0 I14.9
0 1,580.9 136.3 1,107.4 3,297.8 295.4 1,187.7 1,692.1 200.3
Exports
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0 0 0 770.1 0 346. I
0 0 6_649.3 341.8 0 87.7
0 2.4 0 60.4 197.5 158.7
0 18.2 230.5 315.5 20.0 17.2
0 59.8 15,326.2 636.8 0 76.5
5.4 118.1 0 283.2 130.1 1,898.3
9,365.7 25.0 8,951.2 0 0 3,064.7
0 4.9 0 44.9 0 454.1
0 7.6 0 575.6 0 706.4
1.5; 12.8 0 80.0 14.1 54.0
• 6 ! 0 0 459.6 0 534.3
26.1 7.8 0 690.4 134.7 167.1
0 0 34.6 0 0 192.0
.7 150.3 827.1 94.4 272.0
239.7 27.5 686.1 190.4 52.5 2,167.9
0 0 0 65.9 0 1,057.2
0 0 0 62.8 0 149.2
0 4.5 0 808.0 517.1 1,133.2
657.3 50.0 0 5,037.8 15,341.4 5,060.7
.6 21.3 14.5 828.0 642.7 335.8
30.0 30.0 2.6
2.1 23.6 42.3
4,682.4 0 378.9
0 254.8 407.8
1.7 13.0 0
1.2 3.5 316.4
5.0 15.6 0
7.8 .6 3.4
1.4 70.8 0
2.7 263.5 0
39.5 18.6 4.4
245.7 4,821.5 8,000.0
0 0 0
0 2,246.2 1,500.0
0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
23.1 97.6 94.2 4,926.4 1,208.7 5,115.6 941.0
1.4 1.9 1.0 164.1 63.3 199.1 19.3
49.4 77.6 94.0 6,315.0 2,562.5 6,257.2 2,158.7
"0
,q. ,_
43.9 22.3 1,994.9
0 2,130.7
134.9 0
10.7 1,090.3
3.8 4,709.5
89.8 5.6
m
t _
412.3 2,407.2 2,407.2 1
341.8 8,867.7 9,209.5 9,227.5 2
700.1 293.6 993.7 997.7 3
373.9 1,348.7 1,722.6 1,849.2 4
712.5 20,116.0 20,828.5 21,019.4 5
716.9 1,999.1 2,716.0 3,939.1 6
400.0 1,391.2 11,499.8 23,172.8 34,672.6 35,018.0 7
310.0 5.0 1,653.9 769.1 2,432.0 2,759.8 8
26.6 26.8 3,529.0 759.8 4,288.8 4,355.1 9
8.0 723.7 119.3 787.2 906.5 1,058.4 10
55.4 20.7 1,696.5 611.0 2,307.5 2,351.7 11
6.1 2.0 2,348.8 201.3 2,550.1 2,602.2 12
204.5 905.9 121.7 1,337.0 1,458.7 1,515.3 13
94.8 3,830.1 1,289.8 4,347.3 5,637.1 6,254.6 14
313.3 1,519.2 3,817.3 4,926.2 8,743.5 9,878.1 15
I
453.0 1,009.4 5,886.4 2,519.6 8,406.0 8,518.3 : 16
22.6 88.8 1,060.3 260.6 1,320.9 1,532.3 17
522.4 33.3 3,865.7 1,688.9 5,554.6 5,651.0 18
997.3 275.2 21,317.5 6,990.5 28,308.0 34,711.9 19
67.8 77.6 3,117.0 496.3 3,613.3 4,453.0 20
737.9 0 22.3 1,140.0 174.9 1,079.1 1,369.8 2,448.9 4,035.1 21
323.8 202.6 541.1 328.5 266.8 1,072.1 1,180.8 2,252.9 2,831.0 22
0 0 1,475.6 0 0 3,795.0 6,536.9 10,331.9 13,480.7 23
0 725.4 2,085.8 1,546.0 3,084.4 6,157.3 7,124.0 13,281.3 17,458.1 24
131.2 0 65. 0 60.2 625.8 127.0 752.8 1,008.1 25
361.2 0 750.7 226.5 1,130.3 7,490.6 2,425.1 9,915.7 13,378.9 26
0 0 317.6 40.9 194.8 7,206.9 558.3 7,765.2 10,868.6 27
287.8 259.8 441. 74.4 0 1,002.9 526.7 1,529.6 2,394.7 28
0 0 1,634.0 ! 239.6 221.0 1,448.0 2,096.0 3,544.G 5,814.2 29
0 0 1,000.0, 714.6 0 5,156.8 1,717.3 6,874.1 11,750.9 30
157.7 0 1,020.9 176.9 149.5 422.5 1,391.2 1,813.7i 3,972.3 31
585.7 1,507.1 20,652.9 13,854.9 21,517.3 18,104.0 64,270.8 82,374.8 170,172.7 32
0 0 0 0 0 1,312.0 0 1,312.0 2,489.5 33
0 0 0 0 0 3,396.2 1,500.0 4,896.2 8,192.8 34
0 0 0 0 0 14,354.4 0 14,354.4 20,620.7 35
0 0 0 0 13,281.7 36
0 0 0 0 18,522.3 37
770.9 35,132.0 6,944.8 42,076.8 89,747.8 38
6.2 4,228.3 227.0 4,455.3 9,193.6 39
696.7 50,068.9 9,256.0 59,324.9 85,151.5 40
245.7 7,067.7 9,500.0 585.7 1,507.1!20,652.9 13,854.9 21,517.3 0 0 0 210,169.5 41
73.9 177.1 189.2 11,405.5 3,834.5 11,571.9 3,119.0 1,473.8 0 0 0 207,203.1 42
319.6 7,244.8 9,689.2 11,991.2 5,341.6 12,375.8 58,316.8 1,497.2 0 0 0 417,372.6 43
15,390.4 8,299.4 42,887.7 26,069.9 23,673.9 59,512.1 25,226.2 46,140.3 228,215.$ 189,156.7 417,372.6 664,465.0 44
1. Apparel & accessories (trade)
2. Space
3. Furniture & fixtures (mfg.)
4. Professional & scientific (mfg.)
5. Space-related
6. Stone, clay & glass products (mfg.)
7. University of Colorado
8. Food & kindred products (mfg.)
9. Food stores (trade)
10. Machinery (non-electrical) (mfg.)
11. General merchandise (trade)
12. Furniture & appliances (trade)
13. Lodging (services)
14. All other manufacturing
15. Professional (services)
16. Eating & drinking (trade)
17. Gasoline service stations (trade)
18. Automotive dealers (trade)
19. Contract construction
20. All other retail (trade)
21. Extractive (agriculture & mining)
!22. Wholesale (trade)
23. Local government
24. Finance, insurance & real estate
25. Other rentals (services)
26. All other services
27. Real property rentals (services)
28. Lumber, buildin_l materials & hardware (trade)
29. Transportation
30. Utilities
31. Printing & publishing (mfg.)
32. Households
33. Total payments (less households)
34. Total
0
0
0
0
0
0
0
0
0
0
0
0
0
0
.00398
0
.00078
0
.00136
.00754
0
.00058
.01120
.02026
0
.05014
.07459
0
.01989
.05695
.03879
.48380
.23014
1.00000
0
0
0
.01097
.01507
0
.00132
0
0
0
.00200
0
0
.00024
.00267
0
0
.00018
0
.00452
0
.00178
.00332
.00206
.00238
.00903
.04226
.00003
.01695
'.02054
.00641
.27349
.58478
1.00000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
.00085
.00117
.00318
0
.00784
.00212
0
.00159
.00382
.01749
.00011
.01208
.01346
.01611
.01866
.01410
.00435
.30520
.57787
1.00000
0
0
0
0
.00154
0
0
0
0
0
0
0
0
0
.00241
0
.00034
.00027
.00207
.00154
0
.00074
.00288
.02027
0
.01284
0
,00080
.01679
.00616
.00816
.37512
.54807
1.00000
0
.00088
0
.00088
.00049
0
.01163
0
0
.00026
0
0
0
0
.00104
.00009
.00003
0
.00056
.00250
0
.00032
.00105
.00046
.00033
.00305
.00029
.00020
.01928
.00716
.00083
.38040
.56827
1.00000
0
0
0
0
0
0
0
0
0
0
0
0
0
.01357
.00333
.00008
.00038
.00011
0
.00161
.07968
.00488
.01502
.01153
.00019
.01309
0
0
,01767
.01770
.00174
.15282
.66660
1.00000
0
0
.00007
0
.00118
.00011
0
.00094
0
.00016
.00020
,00021
.00092
.00007
.00143
.00035
.00001
.00019
.00090
.00574
.00015
.00176
0
.00105
.00119
.00396
.00083
.00032
,01044
.01192
.01191
.56751
.37648
1.00000
0
0
0
0
0
0
0
0
.00033
0
0
0
0
0
.00092
.00154
.00168
.00176
0
.00011
.28263
.00110
.00384
.01190
0
.01230
.00220
0
.00439
.01021
.00267
.24189
.42053
1.00000
0
0
0
0
0
0
0
0
0
0
.00016
0
0
0
.00140
0
0
0
.00359
.00201
.02979
.00050
.02316
.02464
0
.02728
.00137
.00066
.00874
.03182
.04994
.66737
.12757
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0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 .00158 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 .00208 0 0 0 0 .04098 0 .00003 0 0
0 0 0 0 0 0 0 0 .00286 0 0 0 .00042
0 0 0 0 0 .00292 .02054 0 0 0 0 0 0 .00658
0 0 0 0 .00002 ,00007 .00600 .00020 0 .00003 0 0 .00004 .00042
0 0 0 0 .00746 0 0 0 0 .00312 0 .00130 0 .00002
0 0 0 .00040 0 ,00003 .00014 0 0 0 .00092 0 0 0
0 0 .00633 0 0 0 0 0 0 0 0 0 0 .00110
.00031 0 0 0 0 0 .00072 0 0 0 0 0 0 .O000L
.00010 .00277 0 0 .00094 0 ,00048 .00244 0 .01810 0 .00009 0 0
.00500 .00010 .00949 .01181 .00450 .02888 .00440 .00468 .00213 .00728 .00999 .00420 .00452 .00556
.00020 0 0 0 .00070 .00008 .00034 0 .00364 .00006 .00125 0 .00032 .00122
.00082 .00267 .00462 .00066 .00092 .00111 .00074 .00231 .00215 .00049 .00537 .00127 .00349 .00052
.00010 .00040 0 .00106 .00031 .00040 0 .00020 .00020 .00002 .00150 .00072 .00230 .00168
.00174 .00146 ,00042 .00719 .00057 .00076 .00008 .00529 .00397 .20055 ,00198 .00033 .00135 .00447
,00255 .00530 .00544 .00964 .00372 .00174 .00174 .00271 ,00511 .00117 .00986 .00411 .00527 .00289
0 0 0 0 0 0 .00374 0 0 .01175 .00148 .00036 .00016 .00062
.00071 ,00207 .00223 .00502 ,00184 .00131 .01737 .00285 .00236 .00306 .00334 .00314 .00258 .00097
.00459 .01452 .01690 .03946 .01794 ,00582 .00325 .00556 .01109 .00350 .01439 .00795 .01284 .00216
,01357 ,02839 ,01872 .05246 .01151 ,01920 ,01273 .01764 .02186 .02504 .01247 .00955 .02461 .00370
0 0 0 .00343 .00070 .00018 .00013 .00142 0 .00033 .00468 .01384 .00741 .00016
.00970 .02531 .05113 .03643 .00656 .01364 .03487 .05659 .03708 .00437 .02428 .01212 .01569 .01091
.02276 .02345 .07794 .05425 .01478 .11814 .00732 .04037 .01967 .00122 .07845 .00100 .04355 .00026
.00092 0 .00021 .00429 .00151 ,00021 .00007 .00041 0 .02630 .00020 .00085 0 .0008_
.00235 .06495 .04599 ,00073 .00630 .00058 ,00101 .00902 .00588 .00829 .06954 .01185 .03051 .00152
,01796 .05295 .03407 .09985 .03152 .02684 .02930 .03996 .01989 .00331 .04234 .01732 .02104 .0271_
.00122 .02960 .03049 .00666 .01076 .00509 .00477 .01398 .01653 .00073 .04466 .00036 .00694 .00260
.29455 .45832 .46254 ,27447 .33288 .57041 .26588 .60931 .53673 .18089 .47227 .13873 .40874 .56302
.62085 ,28774 23348 ,39219 .54090 .20259 ,58438 ,18505 .31171 .45654 .20103 .77088 .40864 .36118
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0 .00012 0
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0 0 0 0 i
0 0 0 0 2
0 0 0 0 3
0 0 0 0 4
0 0 0 0 5
0 0 0 0 6
0 0 0 0 7
0 0 0 0 8
0 0 0 0 9
0 0 0 .00104 i0
0 0 0 0 ii
0 0 0 0 12
0 .00102 0 0 13
.00350 .00007 0 0 14
.00502 .00215 .00613 .00158 .00656 .00414 .00026 .00728 15
.00093 0 .00171 0 .00044 .00041 .00009 0 16
.00067 .00246 .00342 .00019 .00476 .00251 .00003 .00205 17
.00033 .00512 .00099 .00009 .00029 .00022 .00058 .00070 18
.00673 0 .00088 .00963 .01434 .00002 .00286 .00005 19
.00268 .00502 .01068 .00248 .00073 .00225 .00141 .00244 20
0 0 .00044 0 0 0 0 0 21
.00044 .00205 .00426 .00027 .00292 .00776 .00079 .00101 22
.00646 .01855 .00774 .11768 .01483 .01421 .05449 .00931 23
.02816 .01240 .03295 .09964 .01011 .00733 .00450 .03132 24
.00010 0 .00351 0 .00506 .00316 .00003 .00018 25
.01261 .00738 .03886 .03141 .02173 .03037 .00919 .01918 26
.00080 .00348 .01846 0 .00442 ,00499 .00144 .00622 27
0 0 .00012 .00035 0 .00005 .00134 0 28
.00091 .00174 .00220 .00043 .03821 .00144 .00437 .00853 29
.01274 .01568 .03383 .07889 .01828 .02256 .01116 .01055 30
.02012 .00266 .01626 .00710 .01648 .00217 .00470 .00296 31
.34181 .26999 .35793 .10396 .35689 .38513 .28484 .51900 32
.55869 .65081 .45566 .54569 .48045 .38233 .61790 .37818 33
1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 i+00000 34
I. Apparel & accessories (trade)
2. Space
3. Furniture & fixtures (mfg.)
4. Professional & scientific (mfg.)
5. Space-related
6. Stone, clay & glass products (mfg.)
7. University of Colorado
8. Food & kindred products (mfg.)
9. Food stores (trade)
10. Machinery (non-electrical) (mfg.)
11. General merchandise (trade)
12. Furniture & appliances (trade)
13. Lodging (services)
14. All other manufacturing
15. Professional (services)
16. Eating & drinking (trade)
17. Gasoline service stations (trade)
18. Automotive dealers (trade)
19. Contract construction
20. All other retail (trade)
21. Extractive (agriculture & mining)
22. Wholesale (trade)
23. Local government
24. Finance, insurance & real estate
25. Other rentals (services)
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0 0 0 0 0
0 1.00001 0 0 .00088 0
.00001 0 1.00000 0 0 0
0 .01098 0 1.00000 .00089 .00002
0 .01510 0 .00154 1.00052 0
0 0 0
0 0 0
.00007 0 0
0 0 0
.00118 0 0
26. All other services .05806 .01255 .01513 .01473 .00417 .01633 .00531
27. Real property rentals (services) .07763 .04364 .01464 .00102 .00095 .00173 .00196
28. Lumber, buildin_ materials & hardware (trade) .00024 .00013 .01643 .00090 .00024 .00015 .00038
29. Transportation .02153 .01829 .01989 .01725 .01976 .01929 .01121
30. Utilities .06850 .02631 .01768 .00796 .00836 .02199 .01340
31. Printing & publishing (mfg.)
32. Total
.00014 .00004 .0004_ .00012 .00003 1.00005 .00017 .00003 .00021
.00006 .00152 .0000_ .00003 .01164 .00001 1.00002 .00001 .00003
.00025 .00010 .00010 .00005 .00004 .00015 .00097 1.00011 .00022
.00004 .00001 .00002 .00001 0 .00002 .00001 .00035 1.00003
.00006 .00002 .00004 .00002 .00027 .00021 .00018 .00037 .00011
.00006 .00201 .00002 .00002 .00001 .00002 .00021 .00002 .00019
.00009 .00003 .00003 .00002 .00001 .00004 .00022 .00003 .00007
.00006 .00003 .00004 .00003 .00003 .00003 .00093 .00002 .00003
.00008 .00027 .00027 .00006 .00002 .01361 .00010 .00005 .00011
.00547 .00327 .00153 .00292 .00128 .00429 .00179 .00255 .00261
.00019 .00006 .00124 .00006 .00012 .00017 .00038 .00161 .00013
.00124 .00018 .00343 .00049 .00012 .00066 .00014 .00219 .00034
.00021 .00027 .00007 .00032 .00003 .00027 .00025 .00204 .00018
.00342 .00083 .01062 .00289 .00080 .00041 00127 .00047 .00514
.00888 .00507 .00256 .00188 .00273 .00241 .00598 .00167 .00288
.00018 .00006 .00021 .00007 .00003 .07979 .00047 .28281 .02997
.00121 .00208 .00198 .00099 .00054 .00546 .00195 .00222 .00097
.02570 .01066 .00751 .00412 .00203 .01803 .00151 .00807 .02698
.03310 .00812 .02112 .02216 .00110 .01427 .00233 .01661 .02933
.00035 .00254 ,00035 .00014 .00045 .00148 .00130 .00404 .00060
.01773 .03148
.00361 ,00306
.00029 .00090
,00818 .01018
.01730 .03624
.04198 .00776 .00576 .00911 .00132 .00288 .01252 .00376 .05168
1.34875 1.17194 1.14115 1.05837 1.06620 1.18222 1.23368 1.18246 1.29545
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0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 2
0 0 .00013 0 0 0 0 0 3
0 0 0 0 0 0 0 0 4
0 0 0 0 0 0 0 0 5
.00036 .00002 .00008 .00058 .00076 .00002 .00017 .00003 6
P)44 .00005 .00001 .00002 .00063 .00006 .00001 .0000_ .00001 7
67 .00011 .00015 .00121 .00087 .00018 .00017 .00039 .00012 8
.00002 .00002 .00058 .00008 .00003 .00003 .00003 .00002 9
.00005 .00001 .00003 .00006 .00011 .00001 .00002 .00104 I0
I .00007 .00001 .00099 .00004 .00003 .00004 .00001 .00002 Ii
I .00041 .00004 .00085 .00029 .00005 .00005 .00007 .00004 12
94
interchanged. This, of course, affects the way in which the table is read. It
will be recalled that in Table IV-3, each row shows the direct and indirect
requirements from the sector at the top of the table to support a delivery of one
dollar to final demand by the sector at the left of the table. This arrangement
makes it convenient to trace the direct and indirect impacts upon a given sector
of a change in output in another sector.
The triangularized table of direct and indirect requirements was not
transposed, however, in order to keep it comparable with the triangularized trans-
actions table. Thus in Table IV-6, each column entry shows the direct and
indirect requirements from th_._Ees ctors a_/.tthe lef.___ttto support a delivery of one
dollar to final demand by the industry named at the top of the column.
VTHE IMPACT OF THE SPACE PROGRAM ON THE BOULDER ECONOME:
INCOME AND EMPLOTMENT I_LTIPLIERS
_nc0_e Multipliers
As Professor Leontief has pointed out, "The input-output table is not
merely a device for dlsplaying or stozins information; it is above all an ana-
lytlcal tool. '_1/ The transactions table (Table IV-l) in the last chapter, and
the tables of coefficients derived from it, are among the basic analytical tools
which have been used to estimate the impact of space and space-related activities
on the Boulder economy. To measure the total impact, another table was required.
Table V-l, which shows the direct and indirect requirements per dollar of deliv-
ery to final demand -- with households treated as a processing sector -- is the
flnal table required for the development of local income and employment multl-
pliers.
The concept of the multiplier was first introduced into economic theory
by R. F. Kalm in his celebrated article "The Relation of Home Investment to
Uneuploymant," published in the Economic Journal of June 1931. This concept
was elaborated and made an essential part of his theory of income and employment
by the great British economist, John Maynard Keynes. z! Both Kahn and Keynes
dealt with a_zre2at e multipliers, however. They were primarily interested in
measuring the total income (and employment) changes in a national economy
resulting from exogenous changes in investment. Such aggregate economic analy-
ses have become important guides to policy decisions; an important example
being the 1964 tax cut in the United States.
For many purposes a_regative economic analysis is sufficient. But if one
is interested, for example, in the impact of changes in a single sector upon
all other sectors it is necessary to go beyond the agEreEative analysis. The
virtue of the input-output model is that it permits the analyst to focus atten-
tion on individual sectors of the economy. Civen the available data -- in the
l/wassily Leontief, '_fhe Structure of Develo_nent," Scien_ific American '
Vol. 209, No. 3 (September 1963)_ p. 149.
2/The General The rq/.y of Emplo_ent, Interes t and _._._, New York: Harcourt:
Brace and Company (1935), pp. 113-131.
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I Extractive (agriculture & mining) 1.00179
2. Food & kindred products
3. Furniture & fixtures
4. Printing & publishing
5. Stone, clay & glass products
6. Machinery (non-electrical)
7. Professional & scientific
8. All other manufacturing
9. Space
10. Space-related
11. Automotive dealers
12. Gasoline service stations
13. Eating & drinking
14. Food stores
Lumber, building materials & hardware15.
16. General merchandise
17. Apparel & accessories
18. Furniture & appliances
19. All other retail
20. Wholesale
21. Professional
22. Lodging
"[ 23. Real property rentals
e
24. Other rentals
25. All other services
26. Contract construction
27. Transportation
28. Utilities
29. Finance, insurance & real estate
30. University of Colorado
31. Local government
32. Households
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•00260 .00062 .00314 .00040 .00134 .00003 .00070 0
• 28524 1.00458 .00110 .00699 .00064 .00044 .00005 .00107 0
•00293 .00509 1.00123 .00936 .00112 .00011 .00006 .00141 0
•00442 .00811 .00197 1.01018 .00112 .00115 .00009 .00185 0
•08142 .00315 .00074 .00504 1.00046 .00025 .00006 .01429 0
•00261 .00473 .00114 .00562 .00075 1.00008 .00005 .00122 0
.00323 .00584 .00143 .01328 .00091 .00010 1.00007 .00139 0
•00325 .00565 .00135 .01587 .00289 .00756 .001651 1.00226 0
•00259 .00474 .00114 .01110 ,00067 .00008 .011041 .00133 1.00001
•00315 ,00576 .00141 .00544 ,00082 .00034 .00096 .00133 ,00088
•00484 .00874 .00210 .02465 .00140 .00016 .00010 .00207 0
•00555 .00996 .00242 .02355 .00166 .00020 .00012 .00485 I 0
I
.01233 .02530 .00115 .01002 .00066 .00009 .00006 .00157 I 0
i
.03580 .01090 .00263 .05938 .00168 .00026 .00012 .00255 0
.00367 .00625 .00150 .02219 .00160 .00019 .00008 .00526 0
.00450 .00819 .00198 .03776 .00122 .00017 .00010 .00468 0
.00479 .00871 .00209 .04808 .00130 .00017 .00010 .00202 0
.00472 .00864 .00206 .03990 .00124 .00016 .00010 .00198 0
.00637 .00890 .00212 .05392 .00135 .00018 .00010 .00208
.00401 .00701 .00168 .01389 .00105 ,00011 .00008 .00163
.00602 .01243 .00228 .01426 .00139 .00015 .00011 .00218
.00352 .00622 .00143 .01469 .00125 .00013 .00007 .00156
.00259 ,00460 .00092 .01356 .00109 .00011 .00004 ,00112
.00245 .00451 .00107 .00683 .00062 .00007 .00005 .00153
.00426 ,00741 .00166 .02346 .00094 .0001! .00007 .00163
.02117 .00433 .00104 .00610 .05194 .00416 .00009 .02447
.00342 .00628 .00151 .00783 .00086 .00009 .00007 .00149
.00280 .00512 .00117 .00880 .00082 .00008 .00006 .00117
.00317 .00558 .00135 .02534 ,00111 .00013 .00006 .00142
.00504 .00936 .00214 .01857 .00132 .00030 .00010 .00202
.00721 .01508 .00207 .00948 .00139 .00016 .00010 .00204
.00772 .01415 .00348 .01020 .00194 .00019 .00016 .00324
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.0 04 .00447 ,00300 .00828 .00419 .00165 .00177 .00171 .00219 .00728 .00447 .01024 .00023 .01444 .01479
.00007 .00847 .00493 .01625 .00780 .00160 .00314 .00305 .00388 .00655 .00413 .01237 .00038 .02471 .00546
.00008 .00725 .00649 .01759 .00834 .01790 .00350 .00341 .00433 .00802 .00410 .01250 .00044 .03821 .00194
,00013 .01227 .00711 .02626 .01334 .00241 .00560 .00546 .00692 .01167 .00465 .02559 .00068 .04584 .00286
.00005 .00458 .00250 .00998 .00501 ,00103 .00211 .00205 .00262 .00569 .00673 .01088 ,00028 .01588 .00243
.00008 ,00683 .00376 .01544 .00774 .00241 .00325 .00317 ! .00402 .00797 .00284 .01570 .00070 .04592 .00156
.00164 .00864 .00403 .01902 .00966 .00260 .00406 .00395 ,00501 .00821 .00345 .01564 .00050 .02836 ,00198
.00009 .00828 .00442 .01867 .00915 ,00324 .00383 .00373 .00475 .01014 .00441 .01720 .00046 .04222 .00255
,01518 .00694 .00302 .01526 .00775 .00150 .00525 .00317 .00403 .01014 .00406 .01347 .00040 .06555 .00401
1.00061 .00826 .00362 .01886 .00954 .00193 .00400 .00391 .00494 .00899 .00298 .01386 .00050 .02797 .00227
.00014 1.01256 .00764 .03164 .01424 .00272 .00598 .00581 .00739 .01522 .00641 .02175 .00073 .06193 .00294
.00016 .01444 1.00866 .03220 .01655 .00360 .00689 .00668 .00850 .01453 .00752 .02733 .00084 .08928 .00485
.00008 .00686 .00389 1.01569 .01377 .00153 .00342 .00317 .00405 .00759 .01971 .01540 .00112 .03184 .00204
.00018 .01554 .00688 .03510 1.01783 .00404 .00764 .00729 .00926 .01456 .00551 .02608 .00090 .05349 .0C400
.00010 .00917 .00880 .02044 .01015 1.00234 .0042( .00415 .00528 .00804 .00610 .02100 .00055 .03543 .00727
.00013 .01209 .00802 .02637 .01337 .00255 1.00562 .00547 .00696 .01503 .00631 .01892 .00074 .06345 .00294
.00014 .01238 .00642 .02790 .01415 .00273 .00597 1.00578 ,00738 ,01813 .00481 .02406 .00074 .11758 .00304
.00014 .01220 .01028 .02750 .01394 .00286 .00588 .00569 1.01365 ,01600 .00663 .02962 .00076 .12170 .00310
.00014 .01413 .01121 .02963 .01439 .00298 .00697 .00588 .00749 1.02057 .00800 .03077 .00080 .12330 .00790
.00011 .01228 .00796 .02280 .01144 .00216 .00479 .00466 .00594 ,01350 1.00598 .02050 .00060 .07795 ,00982
.00015 .01384 .00698 .03048 .01551 .00314 .00651 .00632 .00803 .01271 .00553 1.05086 .00077 .16629 .00325
.00010 .00966 .00460 .01916 .00968 .00651 .00448 ,00395 ,00510 .01729 .00802 .02627 1.00051 .08550 .00558
.00006 .00580 .00281 ,01253 .00628 ,00204 .00264 ,00254 ,00350 .00782 .00235 .01159 .00036 1.01940 .00140
.00007 ,01147 .00525 .01435 .00728 .00134 .00305 .00298 .00379 .01014 .00406 .01219 .00036 .02535 1.00148
.00010 .01008 .00757 .02217 .01091 .00208 .00531 .00424 .00619 .01844 .00734 .02092 ,00098 .05108 .00577
.00007 .00622 .00357 .01405 .00710 .03426 .00297 .00289 .00368 .00675 .00631 .01974 .00038 .0240_ .00235
.00010 .00914 .00646 .02052 .01021 .00192 .00430 .00417 .00531 .00955 .01063 .01822 .00153 .03586 .00532
.00008 .00752 .00305 .01572 .00793 .00291 .00332 .00324 .00416 .00698 .00300 .01125 .00040 .02445 .00162
.00009 .00827 .00418 .01894 .00914 .00188 .00389 .00374 ,00513 .00908 .00297 .01780 .00081 .02818 .00193
.00132 .01231 .00528 .02786 .01399 .00285 .00606 .00573 .00745 .01516 .00552 .02023 .00161 .0415_ .00397
.00014 .01385 .00579 .02884 .01447 .00352 .00589 .00575 .00837 .01240 .00475 .02453 .00073 .04151 .00296
.00023 .02035 ,00866 .04634 .02359 .00416 .00987 .00966 .01219 .01547 .00602 .03110 .00114 .06682 .00450
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.23792 1.45726 1
.42408 2.00476 2
.47374 1.84335 3
.75810 2.24452 4
.28436 1.62529 5
.43967 1.75603 6
.54931 1.90317 7
.51860 1.91657 8
.44037 1.82471 9
.54304 1.86332 i0
.80752 2.37945ili
.92806 2.61667 12
.44065 1.83540 13
.03988 .00401 .01328 .03534 .03448 .02863 .02216
.03988 .01457 .02558 .03783 .04108 .03202 .02324
.06132 .00695 .01814 .04584 .06639 .05118 .03692
.03119 .00278 .02271 .03409 .02625 .01920 .02748
.03481 .00646 .00813 .04016 .03589 .02970 .02362
.04343 .00747 .02386 .03132 .04530 .03711 .02237
.03622 .00570 .01342 .05737 .03688 .03503 .03973
.03556 .00450 .02359 .04504 .02668 .03125 .02529
.03254 .00532 .02629 .03145 .02398 .04830 .02007
.08343 .01247 .01661 .05942 .06145 .05454 .04285
.11091 .01548 .02128 .08730 .06527 .06269 .04534
.06158 .00434 .00765 .05242 .03560 .02975 .02207
.08442 .01359 .02236 .07934 .07204 i .06843 .06064 1.01344 2.73588 14
.05586 .02322 .04603 .04707 .03828 ! .03896 .03745 .57630 2.04699 15
I
.071381 .00920 .07548 .09256 .06720 .05129 .04806 .75946 2.42120 16
.i0000 .01011 .03118 .10265 .06693 .05425 .05237 .80282 2.53878 17
.101701 .00887 .05728 .08061 .06557 .05344 .05754 .79083 2.54459 18
.07618! .01101 .08143 .09002 .06021i .05521 .05672 .81699 2.60695 19
.05447! .00822 .03929 .05583 .05932 .04376 .04260 .64778 2.18132 20
.066051 .01040 .01187 .07726 .07138 .05931 .05239 .87744 2.59529 21
.07217 ,01571 .00945 .13419 .08664 .03710 .07211 .54833 2.21098 22
.05545 .01699 .00601 .10159 .12066 .02448 .13590 .35331 1.91954 23
.03076 .00388 .00740 .03557 .03165 .02792 .03432 .41347 1.70526 24
1.07442 .00696 .01094 .06494 .06405 .03974 .03335 .58837 2.09549 25
.03019 1.25530 .01825 .02619 .05206 .03071 .02126 .40177 2.08345 26
.06338 .00531 1.00911 .05059 .03464 .03914 .03643 .57970 1.98315 27
.03442 .00783 .01027 1.03295 .02488 .03039 .07089 .44973 1.77701 28
.04182 .01)19 .00785 .03705 1.05289 .03511 .02552 .51945 1.88707 29
.04691 .00791 .02078 .04727 .03589 1.05376 .02796 .79619 2.24644 30
.05425 .01250 .01181 .06290 .03891 .05433 1.03092 .79844 2.27509 31
.07016 .01120 .01614 .05711 .05659 .09064 .04461 1.34282 1.99045 32
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form of production and consumption functions -- it is possible to compute
income and employment multipliers for the sectors defined by an Input-output
table. This is the method used in the present study to measure the impact of
space and space-related activities on the Boulder economy. Given certain data
problems, however, it is far from a simple matter to estimate local sectoral
income multipliers. These problems, and the way they were attacked in the
present study, will be discussed after the concept of the income multlplier
has been more fully elaborated.
The azgregate income multiplier -- The aggregate income multiplier is a
function of what Keynes called the marginal propensity to consume. That is,
Keynes assumed that with each increment of income there would be an increase in
consumer spending, but that some fraction of the increment to income would also
be saved. Thus the marginal propensity to consume -- the change in consumer
spending associated with a given change in income -- would always be less than
one. He made the further assumption that as income continued to rise the pro-
pensity to consume would become smaller. This is another way of saying that
high income groups will spend a smaller fraction of each increment to their
income on consumption than low income groups. The general expression for the
Keynesian income multiplier is thus
1
k= _C
where k represents the multiplier, and _C and _Y the changes in consumption
and income respectively.
In this formulation of the multiplier the only "leakage" Is that to sav-
ings. 3-/_ The above equation indicates that each injection of n.__ income will
produce successive "rounds of consumer spending. But even if the assumption is
made that /_ C//_ y is constant, each succeedinE round will be smaller than
the one before. Thus if the fraction of new income spent on consumption can be
estimated, the aggregate multiplier is calculated by substituting this fraction
in the above equation.
3/This implies, of course, the use of di_posab_e personal _ucome rather
than total personal income since taxes have been deducted from _the former.
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Sectoral income multipliers -- The estimation of sectoral income multi-
pliers is considerably more complex than the procedure described above. This
is true even at the level of the national economy, but the difficulties are
compounded when sectoral income multipliers are estimated for communities or
regions. This is so because of (a) the requirement of a consumption function
for each regional sector, and (b) the problem of "leakages" which makes the
estimation of sectoral consumption functions a rather difficult matter.
Sectoral income multipliers have been computed in two earlier Input-output
studies, one dealing with a state and the other with a Standard Metropolitan
Area. q/ Both the Moore-Petersen and the Hirsch studies were pioneering ventures
in regional input-output analysis, and they represent major advances over earlier
studies. In both studies, however, only a limited number of sectoral consumption
functions were used, and these were based on national data. Thus in neither
case were the authors able to show the "leakages" in consumer spending with
given increases in income and this imparted an upward bias to their local income
multipliers. This was recognized by the authors of these studies, but because
of a lack of data they were unable to make the necessary adjustments. _/
The major difference between the Boulder local impact study and earlier
studies is that in the present study data were obtained, through the household
survey, for the construction of local sectoral consumption functions. These
functions show the relationship between loca_____lconsumer spending in each of the
processing sectors and local disposable income. A priori, one would expect the
slopes of these functions to vary from sector to sector, and inmost cases to
be smaller than the slope of an aggregate consumption function for the Nation.
The household survey provided data on consumer spending in Boulder, in the
Denver Metropolitan Area, the rest of Colorado, and the "rest-of-the-world."
In addition to providing better estimates of sectoral consumption functions
than those used in earlier studies, the survey provided a vast amount of data
on local consumer behavior as a by-product.
4/
-- Frederick T. Moore and James W. Petersen, "Regional Analysis: An Inter-
industry Model of Utah," Th.__eeReview of Economic_ andStatistics, Vol. XXXVII,
No. 4 (November 1955), pp. 368-383; and Werner Z. Hirsch, "Interindustry Rela-
tions of a Metropolitan Area," The Review of Economics and Statistics, Vol. XLI,
No. 4 (November 1959), pp. 360-369. For an excellent discussion of the theory
of sectoral income multipliers, see F. T. Moore, "Regional Economic Reaction
Paths," American Economic Review, Vol. XLV, No. 2 (May 1955), pp. 133-148, and
the discussion whichfoilo_pages 149-153.
Z/Moore and Petersen, o.0._, ci_./t., p. 376, and Hirsch, o R . cit., p. 364.
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Types of Sectoral Income Multipliers
Three types of income multipliers have been computed for the present study;
these will be referred to as Types I, II and III. Types I and II follow Hirsch
who, in turn, had modified methods developed earlier by Moore and Petersen. _/
The Type I income multiplier is the ratio of direct and indirect to the
direct income change resulting from the delivery of one dollar to final demand
by a given sector. Type II multipliers are the ratio of direct, indirect and
induced to the direct income change, resulting from the delivery of one dollar
to final demand by a given sector.
The procedures for computing these multipliers are explained in the foot-
notes to Table V-2 and will not be repeated here. It should be noted, however,
that the direct and indirect income changes needed to calculate Type I multi-
pliers are based upon the table of direct and indirect coefficients which does
not include households in the processing sector (Table IV-3). The direct,
indirect an___dinduced income changes are computed from a table which includes
households in the processing sectors (Table V-l).
When outputs from the latter table are summarized graphically, as in
Chart V-I, it is clear that the induced effects of increases in sales to final
demand are quite large relative to the direct and indirect effects. Chart V-I
shows that inter-industry transactions in Boulder result in rather small In-
creases in production. But the induced effects are large by comparison. This,
of course, is a consequence of the relatively weak structural interdependence
of the Boulder economy.
TTve I and Type. II income multipliers -- Results of the initial multiplier
analysis of the Boulder economy are summarized in Table V-2. Because of the
method of computation, sectors with high direct income changes show relatively
low multipliers. This was noted by Hirsch in his St. Louis study and by Moore
and Petersen in their Utah study. L/-
The Type I multipliers should be considered as first approximations, par-
ticularly for an economy as "open" as that of the Boulder area. The Type II
_/Hirsch, op. ci_/_t., pp. 364-365, and a letter to the project director from
Professor Hirsch dated April 13, 1964. For the computational details of the
Hirsch method, see William H. Miernyk, Th..__eElements of I_nput-Output Analysis,
New York: Random House, Inc. (1965), Table 6 of Chapter 3.
Z/Hirsch, o R . ci../t., p. 365; and Moore and Petersen, oR. ci._t., p. 375.
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TABLE V-2
CHANGES IN BOULDER INCOME ASSOCIATED WITH,CHANGES IN
FINAL DEMAND, BY SECTOR, 1963 a/
Industrial Sector
Extractive (agriculture
& mining
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass
products
Machinery (non-elec.)
Professional & scientific
All other manufacturing
Space
Space-related
Automotive dealers
Gasoline service stations
Eating & drinking
Food stores
Lumber, buildlngmaterials
& hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other retail
Wholesale
Professional
Lodging
Real property rentals
Other rentals
All other services
Contract construction
Transportation
Utilities
Finance, insurance &
real estate
University of Colorado
Local government
(1) (2) (3) (4)
Direct plus
Direct indirect Indirect Type I
incomeb/ incomec/ incomed/ income
chang e- change- chan_e-- multipliers _/
.13873 .17717 .03844 1.28
.24189 .31580 .07391 1.31
.30520 .35280 .04760 1.16
.51900 .56455 .04555 1.09
.15282 .21177 .05895 1.39
.29455 .32741 .03286 1.11
.37512 .40907 .03395 1.09
.33288 .38620 .05332 1.16
.27349 .32794 .05445 1.20
•38040 .40440 .02400 1.06
.53673 .60136 .06463 1.12
.60931 .69114 .08183 1.13
.26588 .32815 .06227 1.23
.66737 .75471 .08734 1.13
.35689 .42917 .07228 1.20
.45832 .56557 .10725 1.23
.48380 .59786 .11406 1.24
.46254 .58894 .12640 1.27
.47227 .60842 .13615 1.29
.40874 .48240 .07366 1.18
.57041 .65343 .08302 1.15
.27447 .40834 .13387 1.49
.10396 .26311 .15915 2.53
• 26999 .30790 .03791 1.14
.35793 .43816 .08023 1.22
.18089 .29919 .11830 1.65
.38513 .43171 .04658 1.12
.28484 .33492 .05008 1.18
.34181 .38683 .04502 1.13
.56751 .59293 .02542 1.04
.56302 .59461 .03159 1.06
(continued)
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TABLE V-2 (cont.)
Industrial Sector
Extractive (agriculture
& mining)
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass
products
Machinery (non-elec.)
Professional & scientific
All other manufacturing
Space
Space-related
Automotive dealers
Gasoline service stations
Eating & drinking
Food stores
Lumber, building materials
& hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other retail
Wholesale
Professional
Lodging
Real property rentals
Other rentals
All other services
Contract construction
Transportation
Utilities
Finance, insurance &
real estate
University of Colorado
Local government
(5)
Direct,
indirect
& induced
incomef/
chan_e-
.23792
.42408
.47374
.75810
.28436
.43967
.54931
.51860
.44037
.54304
.80752
.92806
.44065
1.01344
.57630
.75946
.80282
.79083
.81699
.64778
.87744
.54833
.35331
.41347
.58837
.40177
.57970
.44973
.51945
.79619
.79844
(6)
Induced
income ,
change K/
.06075
.10828
.12094
.19355
.07259
.11226
.14024
.13240
.11243
.13864
.20616
.23692
.11250
.25873
.14713
.19389
.20496
.20189
.20857
.16538
.22401
.13999
.09020
.10557
.15021
.10258
.14799
.11481
.13262
.20326
.20383
(7)
Indirect
& induced
incomeh/
chan_e-
.09919
.18219
.16854
.23910
.13154
.14512
.17419
.18572
.16688
.16264
.27079
.31875
.17477
.346O7
.21941
.30114
.31902
.32829
.34472
.23904
.30703
.27386
.24935
.14348
.23044
.22088
.19457
.16489
.17764
.22868
.23542
(8)
Type II
income ..
multipliers l!
1.71
1.75
1.55
1.46
1.86
1.49
1.46
1.56
1.61
1.43
1.50
1.52
1.66
1.52
1.61
1.66
1.66
1.71
1.73
1.58
1.54
2.00
3.40
1.53
1.64
2.22
1.51
1.58
1.52
1.40
1.42
(continued)
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TABLE V-2 (cont.)
_/Type I multipliers are based on direct and indirect income changes, while
the Type II multipliers add the effects of induced income changes. See Werner
Z. Hirsch, "Interindustry Relations of a Metropolitan Area," The Review of Econo-
mics and Statistics (November 1959), pp. 364-365.
_/This column is the household ro_.._wof Table IV-2,
E/Each entry in each row of the transposed inverse matrix excluding house-
holds (Table IV-3) is multiplied by that entry's corresponding household row
coefficient from the direct coefficient table (Table IV-2), and the results of
all row multiplications are summed. If r.. is the direct and indirect require-
i i'
ments from industry j to support a dollar _ncrease in s final demand, and aHj
is the payment to households needed to support a total gross output of one
dollar, the entries of column 2 are:
n
Y
j=l
rij anj , (i = I . . . n)
_/Column 2 minus column I.
_/Column 2 divided by column I.
_/The household column of Table V-I.
_/Column 5 minus column 2.
_/Column 3 plus column 6.
_/Column 5 divided by column I.
CHARTV- i
DIRECT, INDIRECT AND INDUCED COMMUNITY OUTPUT REQUIREMENTS
PER DOLLAR OF FINAL DEMAND _/
Industrial Sector
_active (agriculture & mining)
o
24.
6.
28.
9.
13.
3.
29.
10.
7.
8.
23.
27.
2.
15.
26.
25.
20.
22.
4.
30.
31.
11.
16.
17.
18.
21.
19.
12.
14.
Stone, clay & glass products
Other rentals
Machinery (non-electrlcal)
Utilities
Space
Eating & drinking
Furniture & fixtures
Finance, insurance & real estate
Space-related
Professional & scientific
All other manufacturing
Real property rentals
Transportation
Food & kindred products
Lumber, bldg. materials.& hardware
Contract construction
All other services
Wholesale
Lodging
Printing & publishing
University of Colorado
Local government
Automotive dealers
General merchandise
Apparel & accessories
Furniture & appliances
Professional
All other retail
Gasoline service stations
Food stores
| i
(dollars)
0 1.0 2.0 3.0
0 l
Direct
Indirect
Induced
_/Each row shows the direct output requirements of the industry named at
the left for one dollar delivery to final demand, the indirect output requirements
of supporting industries, and the output requirements of all industries induced by
consumption generated by direct, indirect, and induced payments to households.
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multipliers, which are larger in every case, are more accurate estimates o£
the income changes produced in the area by changes in final demand. The latter
show the effects of successive "rounds" o£ consumer spending, in addition to
the direct and indirect effects o£ increases in sales to final demand by each
of the processing sectors. A comparison of colunms 3 and 6 in Table V-2 shows
that in every sector the induced effects of added consumer spending are larger
than those generated by inter-industry transactions.
The Type I income n_ltiplier for the space sector is 1.2. The direct
household coefficient for this sector from Table IV-2 is .27349. Given a $1
million increase in sales to final demand, the direct and indirect income
change is (1.2 x .27349 x $1 million) or $328,188. But it has already been
noted that the major i_pact of the space sector on the Boulder economy comes
via households. The Type II n_ltiplier for the space sector is 1.61, and this
gives a more realistic estimate of an addition to Boulder income o£ _d),319
(1.61 x .27349 x $1 million).
The space-related sector, with a multiplier of 1.06, ranks second from
the bottom in terms of the Type I estimates. Only the University of Colorado,
with a multiplier of 1.04, ranks below this sector, But the Type IX e_ltiplier
for the space-related sector is 1.43, and this shows again that the income
impact of the activities in this sector comes by way of households.
These findings were anticipated in the discussion of the transactions
table (Table IV-I). The major local input to the space and space-related
sectors is labor, and the relatively high wages and salaries in these sectors
is reglected in the sisnificant differences between the Type Z and Type XI
multipliers.
It is important to stress that income multipliers of the type discussed
here n_st be related to bot____hthe direct household coefficients of the input-
output table and to changes in final demand. If the _ltiplier is related
simply to final demand the results can be mislead/_. For example, the "real
property rentals" sector shows a Type I multiplier of 2.53 and a Type II of 3.4.
Assuming the same addition to final demand of $1 million, the resulting income
changes would be $263,100 and $353,310 respectively. These are lower than the
increases given above for the space sector, and this is because of the substan-
tially lower household coefficient in "real property rentals."
It is useful to compare the Boulder multipliers with those computed for
St. Louis and Utah. The Moore-Petersen study for Utah has no directly com_ra-
ble sectors, so specif£e cozparisons cannot be made. In general, however, both
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their Type I and Type II _ultipliers were greater than the Boulder ,_itipliers.
All Type II multipliers in the Utah study, for example, were greater than two,
and the largest (for the iron and steel sector) was 14.67. In the Boulder area,
only three of 31 Type II multipliers were equal to or greater than two, and the
largest, in "real property rentals" was 3.4.
The St. Louis study included five sectors which could be compared with
a/
their counterparts in Boulder.-- These comparisons are given in Table V-3.
In all cases, the income multipliers are significantly higher in St. Louis than
in Boulder. These results can be partially explained in terms of the direct
income changes in the two areas. In two sectors (food and kindred products and
printing and publishing), there were larger direct income changes in Boulder
than St. Louis. And as noted earlier, large direct income changes are associ-
ated with low income multipliers. In the remaining three sectors, however,
direct income changes in Boulder were equal to or smaller than those in St.
Louis. Other things being equal, this should have resulted in larger multi-
pliers in at least two of the Boulder sectors. This was not the case, however,
and the explanation is to be found in columns 4 and 5 of Table V-3. In all
cases, indirect income changes in St. Louis were larger than those in Boulder
reflectlng the higher degree of interdependence in the larger metropolitan
area. The induced income changes were also larger in St. Louis indicating
smaller leakages in consumer spending in the metropolitan area than in Boulder.
The comparisons in Table V-3 conform to _ priori expectations. Multipliers
of Type II should decrease in size as one moves from a high degree of structural
interdependence and large market areas, to more local independence among sectors
and the greater reliance on imports in smaller communities. It is not surprls-
Ing that the Boulder sectoral multipliers are smaller than those computed
earlier for Utah and St. Louis. Indeed, the interesting feature of the Boulder
analysis thus far is that the Type II multipliers turned out to be as large as
those given in column 8 of Table V-2. Also, it should be recalled that the
InGome-consumpCion relationships used in the Utah and St. Louis studies imparted
an upward bias to the income multipliers calculated for these areas. Thus the
"true" differences between the St. Louis and Boulder multipliers are undoubted-
ly smaller than those shown in Table V-3.
mj _
8/Because of the large differences in size and industrial structure
between St, Lou_s and Boulder, there is no presumption that the internal com-
position of the two sets of sectors is the same.
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Up to this point the Boulder study has been largely a replication of earlier
small-area input-output analyses with one major difference -- the use of survey
data in estimating household income and expenditure patterns. Given the house-
hold data it has been possible to experiment with a third type of income multi-
plier to be referred to as Type III. But before this multiplier can be described
it will be necessary to discuss in some detail specialized consumption functions
estimated for the Boulder area. _/
A Digression on Local Consumption Functions
One of the assumptions of the basic input-output model (discussed in
Chapter II) is that of linear and homogeneous production functions. When
households are treated as a processing sector (as in Table V-l), household
inputs are assumed to vary proportionately with household output. As is true
of other processing sectors, a "production function" is assumed for households.
Since households are in fact final consumers this amounts to the assumption of
a linear and homogeneous consumption function.
The calculation of induced effects in the Type II multipliers, following
the methods of _ore-Petersen and Hirsch, incorporated the assumption of linear
and homogeneous consumption functions. The authors of the Utah and St. Louis
studies recognized the implications of this assumption. Hirsch stated explicit-
ly that this overstated the income effects of changes in final demand. I-_0/ Moore
and Petersen attempted to relax the homogeneity assumption by developing linear
non-homogeneous consumption functions using time series of national consumption
data. II/ National consumption patterns, however, do not account for regional
leakages resulting from consumer imports. The obvious solution to this problem
is to derive local consumption functions for each sector of the input-output
table. But while it is easy to point out the solution it is far from easy to
implement it statistically.
q/
_-Dr. Charles M. Tiebout, of the University of Washington, made important
contributions to the development of the concepts discussed in the following
section.
lO/Hirsch, op. of.__!., p. 364.
ll/They were able to compute only three consumption functions, however, and
one of these turned out to be both linear and homogeneous. See Moore and Peter-
sen, or. c lt., pp. 376-377.
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Ignoring data problems for the moment, a sectoral consumption function
may be defined by the relationship shown in Figure V-I. Assume that_XY t is
the increase in total community income resulting from the direct and indirect
effects of a delivery of one dollar to final demand by any sector i. What will
be the total change in consumption in each local sector,_i, resulting from
the change in_Yt? If we assume a linear (but non-homogeneous) sectoral con-
sumptlon function, the answer is given by the general expression, C i = a + bYt,
and/_C i will equal b/_Y t.
CiJ
FIGURE V- 1
C i = a + b Yt
I I
Yt
An attempt was made to calculate a consumption function of the type shown
in Figure V-I for each of'the sectors in the input-output table (Table IV-l).
A scatter diagram was prepared for each sector on which household expenditures
in the sector were plotted on the vertical axis and household income on the
horizontal axis. In 16 of the 31 sectors the scatter of points was almost com-
pletely random, and it would have been meaningless to fit curves to the data.
In the remaining 15 sectors a pattern could be observed, and linear functions
were fitted using the method of least squares. Even in these cases, however,
there were substantial deviations from the average relationship; the correla-
tion coefficients were low, and the standard errors of estimate were large.
The regression equations for these 15 sectors, as well as one for all sectors
combined, are given in Table V-4. In only two cases (utilities and the total
function) are the correlation coefficients high enough to have any statistical
significance, and in these cases the standard errors of estimate are quite high.
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TABLE V-4
SECTORAL CONSUMPTION FUNCTIONS, BOULDER AREA, 1963
Standard
Correlation error of
Industrial Sector Regression equation _/- coefflcient estimate
Trade
Automotive dealers C = 29.35 + 0.01782Y .228 272.27
Gasoline statlons -q/ C = 12.57 + 0.00719Y .503 44.23
Eating & drinking _/ C = 59.75 + 0.01679Y .223 242.55
#
Food stores &/ C = 91.67 + 0.01795Y .498 103.46
General merchandise C = 10.33 + 0.01039Y .415 81.44
Apparel & accessories C = 3.62 + 0.00708Y .377 62.13
Furniture & appliances C = 15.94 + 0. 00827Y .196 147.80
Other retail C = 35.67 + O.01211Y .373 107.57
Wholesale C = 1.24 + 0.00074Y .042 61.90
Services
Medical & health C = 54.27 + 0.02271Y .319 241.20
I
Rentals c! C =161.18 + 0.01157Y .074 519.30
Other services C = 25.30 + 0.04076Y .415 319.60
Finance, insurance
& real estate C = 18.42 ÷ 0.06019Y .318 640.07
Transportation C = 5.88 + 0.00869Y .171 178.37
Utilities C - 53.56 + 0.03835¥ .595 184.83
Total C =737.12 + 0.27290Y .656 I0121.00
k/Linear regressions with income as the independent variable and cousump-
tlon in selected sectors as the dependent variable. Income was deflmed as all
earned income and transfers, less taxes, regardless of geographic source. Sales
of assets or withdrawals from savings were not included. Consumption was defined
as purchases of goods or services inside Boulder. Consumption in trade sectors
was defined as the margin on goods; non-trade consumption as total purchase
prices of goods or services.
_/Nine observations removed as business expenses.
_/Student consumption and income not included.
II0
Since this approach yielded essentially negative results, it was evident that
another would have to be attempted if the induced effects of income changes
were to be measured more accurately than they are in the Type II multipliers.
Moore and Petersen had attempted to estimate functions of the type
described by Figure V-I using national data, but with limited success. Our
attempts to approximate sectoral consumption functions using cross-section data
also were not successful. In the absence of time series data on consumption
patterns in Boulder, either in the aggregate or on a sectoral basis, the deci-
sion was made to attempt an alternate approach using a series of aggregate
consumption functions fo___Edlfferent inc_..omeclasses. The thought was that if
these could be approximated they could be linked together into a single non-
linear consumption function for the community which would show the differential
impact on local consumption of changes in income within each of the income class
intervals. If this could be done, it would permit estimates of the marginal
propensity to consume rather than the average propensities which have been used
in earlier regional studies.
Changes in consumption with changes in income -- Four income classes were
selected and a linear regression line was fitted to the points within each
class. The results are presented in Table V-4a and graphically in Chart V-2.
As anticipated, the slopes of the regression lines decreased in moving from the
lowest income class to the highest. 12/
Because of the large deviations around the average regression lines shown
in Chart V-2, no claim is made that these accurately represent Boulder consump-
tion functions by income classes. Nevertheless, the changing slopes of the
lineswere expected on £_grounds and appear to have economic significance.
First, it is reasonable to expect that with a given increment in income, low
income households will spend a larger fraction of the increment on consumption
than high income households; this is the Keynesian proposition of the declining
marginal propensity to consume. And Chart V-2 shows that households at the
lower end of the income scale tend to spend a larger fraction of an increase in
consumer expenditures locally than those at the upper end of the income scale.
The differential effects of income chan_es due to population _rowth and
rising local per capita income -- Despite the statistical limitations of the
consumption functions by income classes discussed above, they provide the basis
l--2/The correlation coefficients are again low and the standard errors of
estimate are high. It is possible that these could have been improved if smaller
class intervals had been selected.
iii
TABLE V-4a
BOULDER CONSUMPTION FUNCTIONS BY INCOME BRACKET
Correlation
Income Class Regression Equation _/- Coefficient
$ O- 5,000 C = 737.21 + 0.3078 Y .37
$ 5-10,000 C = 1296.02 + 0.2060 Y .25
$10-15,000 C = 2151.74 + 0.1575 Y .12
$15-30,000 C = 5441.31 + 0.0208 Y .13
Standard
Error of
Estimate
971.0
1101.4
1814.0
2953.2
_'Linear/ regression between income as the independent variable and local
consumption as the dependent variable. Income was defined as all earned income
and transfers, less taxes, regardless of geographic source. Sales of assets or
withdrawals from savings were not included. Consumption was defined as all pur-
chases of goods or services inside Boulder. Consumption in trade sectors was
defined as margins.
for a further analysis of the impact on consumer spending on each of the sectors
of the Boulder economy. This analysis attempts to distinguish between income
changes resulting from population growth and those which follow from rising per
capita income of established residents. The hypothesis to be considered can
best be described in terms of a simple example.
Assume that a new resident moves to Boulder to accept a ne___wwjob at an
annual salary of $12,000. Assume furtherthat he will spend two-thirds of his
income on local consumption. Consider at the same time an established resident,
with a marginal propensity to consume locally of two-thlrds, whose annual income
has been increased from $II,000 to $12,000. The new resident will add $8,000
to the local spending stream, while the established resident will add $666.
The income impact of the new resident will be referred to as the population
effect, while that of the established resident will be called the per _
effect. The assumption in this example, that the average propensity to consume
of the new resident is equal to the marginal propensity to consume of the estab-
lished resident, was made to simplify the exposition. The data on which Chart
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V-2 is based show that, in general, marginal propensities to consume are smaller
ratios than average propensities to consume. In the discussion which follows
it will be assumed that the consumer behavior of established residents can be
approximated by the consumption functions by income classes given in Chart V-2.
This can be expressed graphically as in Figure V-2 which also shows the average
propensity to consume of a new resident.
Assume that the line MNOPQ in Figure V-2 represents a set of linear approxi-
matlons to a non-linear consumption function for sector i in the Boulder area.
If a new resident moves into the area to fill a newly-created position, his
Consumption in sector iT
FIGURE V-2
_c n I
I
I M I I
I
/_Yn "
Consumption function of
established residents
Average propensity to
consume of a new resident
(equals community APC)
Income
addition to Boulder income is_Yn, and the addition of his consumption in
sector i can be approximated by/kC n.
Consider next an established resident of Boulder who receives an addition
to his income. This addition,_m, will produce a change in consumption in
sector i of_ m. It is clear from Figure V-2 that the consumption effects of
an increase in Boulder income are related to the kind of increase in income
being considered. Even if_m had been as large as/kYn, the consumption
generated by the marginal increase would be less than that generated by new
resident income. In other words, the population effect on the community wi__i_-
ina given income class) will always be larger than the per capita effect.
When forecasting changes in consumption from changes in income, using
cross-section consumption functions, the two kinds of income change n_st be
separately related to consumption. A linear, homogeneous function will
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approximate changes in consumption arising from changes in new resident income.
A non-linear function more closely approximates marginal increases in consump-
tion arising from marginal increases in income. The best approximation to total
consumption changes generated by total changes in income can then be approxi-
mated by adding the two separately-derived consumption components.
Separation of the total change in community income,_Yt, into the two
components/_Y n and/_Y m requires the use of sectoral employment-production
functions. The employment-production functions are based on data obtained
from the survey of Boulder establishments, and are summarized in a later section
of this chapter in Table V-8.
Assuming a given increase in final demand in sector i, increases in employ-
ment by sector, and increases in payments to households by sector, were com-
puted. The sectoral increases in employment were then multiplied by the average
wage in each sector. This part of the total increase in payments to households
was assumed to represent the total income of new households,/_Y n. The residual
was assumed to represent increased payments to established employees, or,
additions to total income of Boulder households,/_y m. The latter amount was
divided among the four income brackets of Table V-4a using percentage chat_es
derived from analysis of census data relating average income in each bracket to
total community income in 1950 and 1960.
The change in community income as a result of the entry of new employees
into the
area,_Yn, was then multiplied by each coefficient in column 32 of
Table^ IV-2 toAobtain changes in consumption in each of the sectors; i.e./_Cl,
IxC 2 • . ./_C n. Figure V-3 shows the relationship between/\Y n and sectoral
changes in consumption graphically. The slopes of the sectoral consumption func-
tlons are the household (column) coefficients in Table IV-2. The total change
in
consumptlon,/\Ct, is also shown on Figure V-3.
The income change representing additions to the income of established
households,/_Ym, was apportioned among the four income brackets of Table V-4a
by the method mentioned above. The resulting changes in Income,/_Y 1 through
_ A
/-_Y;, were then multiplied by the slopes of the appropriate cross-sectlon
aggregate consumption functions in Chart V-2 to estimate the changes in con-
• as sho_nl in
Figure V-4. The sum of these changes in consumption was then apportioned among
the processing sectors by multlplylng each one by the coefficients in column 32
of Table IV-2 after the latter had been expressed as percentages of the sum of
coefficients in rows 1 through 31.
FIGURE V- 3
Ct Sector n/
_c
i
b
_3
I
_2 '
i
/_cI ,
I
I /
I
Sector 3
Sector 2
Sector I
F[G_ V-4
._..c ...._.. .._ _. __I-- --! --__! i a/
Ao_,l-h___2;Tr, ,11 ,...... I I I I
.-k--_? II III II
I I I I I I
--.'.LL/iJI II
Y! _ I I I I I I II
I! ! I a I II I li
.I I I I i i i i I II
I 31
I16
The changes in sectoral consumption generated by the two kinds of income
changes were then sunlned to obtain the total change in community consumption in
each sector arising from a change in community income. These changes in con-
sumption were then considered as new additions to final demand. As such, they
induced further local production. With each of the production increases needed
to support the increase in final demand, income payments to households also
went up. Each "round" of increased production produced a new (but smaller)
increase in income. This, in turn, added to consumption, and thus to further
additions to production. Each of these changes was computed by a process of
iteration which was continued over four rounds after which all increases rapid-
ly converged toward zero.
The sum of all sectoral changes in income computed by this method is the
direct, indirect, and induced income change generated by adding one dollar to
each sector's delivery to final demand. The process, however, distinguishes
between the two kinds of income change. Table V-5 shows the amount of total
change contributed by new employees_ based on their average propensities to
consume, as well as the amount coming from established residents due to margi-
nal increases in income, and the marginal propensities to consume in the four
income classes. In all sectors but three -- the two rental sectors and the
finance, insurance and real estate sector -- the population effect was greater
than the per capita effect. In other words, the induced effects of income
contributed by new residents were larger than those resulting from local In-
creases in per capita income. This, of course, is what one would expect in a
rapldly-growing community such as Boulder.
The largest population effect was in the space-related sector, reflecting
the relatively high incomes of employees in this sector as well as a strong
growth component. Similarly, in the space sector about three-fourths of the
contribution to the Boulder income stream came by way of what we have called
the population effect.
Type Ill Income _ultipliers
The rather elaborate procedures described in the preceding section were
necessary for estimates of Type IIl multipliers. These are the ratios of
direct, indirect, and induced income changes, computed by the above method, to
direct income change. The results are given in Table V-6, and comparisons with
Type II multipliers are made in Table V-7.
The Type III income multipliers are smaller than the Type II multipliers
in all sectors. This was not unexpected. As noted in earlier sections, the
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TABLE V-5
PER CAPITA INCOME INCREASES AND INCOME CONTRIBUTED BY NEW EMPLOYMENT,
BOULDER AREA, 1963
Sector
/_Ym as per
Yta-/ /_ Ynb/ _ YmC/ cent of _
I. Extractive (agriculture
& mining) .206
2, Food & kindred products .373
3, Furniture & fixtures .429
4, Printing & publishing .678
5. Stone, clay & glass prod. .256
6. Machinery (non-electrical) .395
7. Professional & scientific .491
8, All other manufacturing .455
9. Space .390
10. Space-related .491
II. Automotive dealers .725
12, Gasoline service stations .814
13. Eating & drinking .396
14. Food stores .896
15. Lumber, bldE. materials
& hardware .517
16, General merchandise .687
17. Apparel & accessories .722
18. Furniture & appliances .703
19, All other retail .722
20, Wholesale .560
21, Professional services .756
22, Lodging .475
23. Real property rentals .299
24. Other rentals .346
25, All other services .520
26, Contract construction .362
27. Transportation .515
28. Utilities .398
29. Finance, insuranoe &
real estate .535
30, University of Colorado .714
31. Local government .702
.121 .085 41.3
.265 .108 28.9
.385 .044 10.2
.550 .128 18.8
.219 .037 14.4
.332 .063 15.9
.402 .089 18.1
.305 .150 32.9
,291 .099 25.4
.444 .047 9.6
.608 .117 16.1
.554 .260 31,9
.330 .066 16,7
.662 .234 26.1
.431 .086 16.6
.615 .072 10.5
.613 .109 15.0
.542 .161 22.9
.528 .194 26.8
.321 .239 42,6
.418 .338 44.7
.277 .198 41.6
.126 .173 57,8
.115 .231 66.7
.380 .140 26.9
.316 .046 12.7
.396 .119 23.1
.290 .108 27.1
.150 ,285 53.2
.599 .I15 16.1
.485 .217 30,9
R/Direct, indirec_p and induced changes in community income generated by
increased deliveries to final demand of one dollar by the sector named at the
left,
R/Direct, indirect, and Induced income change contributed by new employees
in the community.
_/Dit'ect, indirect, and induced income change resulting from additions to
income of established employees in the community.
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TABLE V-6
CHANGES IN BOULDER INCOME ASSOCIATED WITH CHANGES IN
FINAL DEMAND, BY SECTOR, 1963
Industrial Sector
Extractive (agriculture &
mining) .206 .029
Manufacturing
Food & kindred products .373 .058
Furniture & fixtures .429 .076
Printing & publishing .677 .113
Stone, clay & glass products .256 .045
Machinery (non-electrical) .395 .067
Professional & scientific .491 .083
All other manufacturing .454 .068
Space .390 .062
Space-related .492 .087
Trade
Automotive dealers .725 .123
Gasoline service stations .814 .123
Eating & drinking .395 .067
Food stores .896 .142
Lumber, building materials
& hardware .517 .088
General merchandise .687 .121
Apparel & accessories .722 .124
Furniture & appliances .703 .114
All other retail .722 .113
_,_olesale .560 .078
Services
Professional .756 .103
Lodging .475 .066
Real property rentals .299 .037
Other rentals .346 .038
All other services .520 .082
Contract construction .362 .063
Transportation .515 .084
Utilities .397 .062
Finance, insurance & real estate .435 .048
University of Colorado .714 .121
Local government .702 .107
(1) (2) (3)
Direct,
indirect Indirect
& induced Induced & induced
incomea/ incomeh/ incomec/
change- chan_e-- change--
(4)
Type III
income d/
multiplier-_-
.067 1.49
.131 1.54
.124 1.41
.158 1.30
.103 1.68
.i00 1.34
.116 1.31
.121 1.36
.117 1.43
.112 1.29
.188 1.35
.205 1.34
.129 1.49
.229 1.34
.160 1.45
.229 1.50
.238 1.49
.240 1.52
.250 1.53
.151 1.37
.186 1.32
.201 1.73
.195 2.90
.076 1.28
.162 1.45
.181 2.00
.130 1.34
.112 1.39
.093 1.27
.146 1.26
.139 1.25
R/Similar to column 5, Table V-2, but computed by iteration following the
separation of total income changes into income of new employees and marginal in-
come of established residents.
_/Column I minus column 2 of Table V-2,
_/Column 1 minus column i of Table V-2.
Z/Column I divided by column I of Table V-2.
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TABLE V-7
COMPARISON OF TYPE II AND TYPE III INCOME MULTIPLIERS,
BOULDER AREA, 1963
(i) (2)
Type llI ht
multiplier _Industrial Sector
Type IT a/
mult iplier-"
Extractive (agriculture &mining)
Manufacturing
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass products
Hachinery (non-electrlcal)
Professlonal & scientific
All other manufacturing
Space
Space-related
Trade
Automotive dealers
Gasoline service stations
Eating & drinking
Food stores
Lumber, building materials
&hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other retail
Wholesnle
Services
Professional
Lodging
Real property rentals
Other rentals
All other services
Contract construction
Transportation
Utilities
Finance, insurance & real estate
University of Colorado
Local government
1.71
1.75
1.55
1.46
1.86
1.49
1.46
1.56
1.61
1.43
1.50
1.52
1.66
1.52
1.61
1.66
1.66
1.71
1.73
1.58
1.54
2.00
3.40
1.53
1.64
2.22
1.51
1.58
1.52
1.40
1.42
1.49
1.54
1.41
1.30
1.68
1.34
1.31
1.36
1.43
1.29
1.35
1.34
1.49
1.34
1.45
1.50
1.49
1.52
1.53
1.37
1.32
1.73
2.90
1.28
1.45
2.00
1.34
1.39
1.27
1.26
1.25
(3)
Type III as
per cent
of Tyre II
87.13
88.00
90.97
89.O4
90.32
89.93
89.73
87.18
88.81
90.21
90.00
88.16
89.76
88.16
90.06
90.36
89.76
88.89
88._
86.71
85.71
86.50
85.29
83.66
88.41
90.09
88.74
87.97
83.55
90. O0
88.03
a/column 8 of Table V-2.
b/Column 4 of Table V-6.
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assumption of linear homogeneous consumption functions imparts an upward bias
to the Type II income multipliers. The method used in computing Type III multi-
pliers assumes that a smaller part of marginal income increases will be spent
on consumption, thus reducing the amount of income generated by induced consump-
tion in subsequent rounds. Also, the relatively high propensities to import in
the higher income classes result in substantial leakages of marginal increases
in income.
Employment HultiDliers
The employment impacts of changes in final production in a local economy
are as important as the income impacts; indeed, the two go hand in hand. To
round out the Boulder impact study, three sets of sectoral employment multipliers
have been calculate_. Since each is the employment counterpart of an income
multiplier, these also are referred to as Types l, II and Ill.
The basic economic relationships underlying income multipliers are con-
sumption functions. Similarly, employment multipliers are based upon employment-
production functions. As noted in earlier sections, efforts to calculate sta-
tistically significant sectoral consumption functions for the Boulder area were
not successful, and it was necessary to rely on an alternative method of esti-
mating average and marginal propensities to consume. This was not the case when
employment-production functions were calculated for the Boulder area, however.
To avoid the disclosure problem it was necessary to combine the space and space-
related sectors. But after this was done it was possible to calculate statis-
tically significant functions for practically all of the processing sectors in
the input-output table. The employment-production functions are summarized in
Table V-8. With one exception -- real property rentals -- the coefficients of
correlation are .65 or higher, and all standard errors of estimate are low. 13/
The employment-production functions in Table V-8 are of the general form
E 1 = a + bXi, in which E i represents employment, and X i represents production
or output in sector _. In computing the relationships of Table V-8 -- all of
which are based on data obtained from the business and government surveys --
i _ i
1-_3/lt is not surprising that the correlation coefficient for '_eal property
rentals" is low since this is a "dunlny" sector which does not represent a col-
iclection of business establishments. For a discussion of "dummy industries, see
W. Duane Evans and Marvin Hoffenberg, "The lnterindustry Relations Study for
1947," Th..._eReview o__f Economic.s and Statistics, Vol. XXX_V, No. 2 (Hay 1952), p.
107.
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TABLE V-8
SECTORAL EMPLOYMENT -- PRODUCTION FUNCTIONS, BOULDER AREA, 1963
Industrial Sector
Extractive (agriculture
& mining
Manufacturing
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass
products
Machinery (non-elec.)
Professional &
scientific
All other manufacturing
Space & space-related
Trade
Automotive dealers
Gasoline service
stations
Eating & drinking
Food stores
Lumber, building mater-
ials & hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other retail
Wholesale
Services
Professional
Lodging
Real property rentals
Other rentals
All other services
Contract construction
Transportation
Utilities
Finance, insurance & real
estate a/
University of Colorado-
Local government _/
Corre-
Number of lation Standard
establishments Regressi_ coeffi- error of
or observations equation =" cient estimate
12 E = 1.38 + .0275S .81 .0070
4 E ffi 2.78 + .0263S .99 .0008
3 E ffi 1.15 + .0664S .99 .0116
i0 E ffi- .88 + .0749S .96 .0080
6 E = 2.02 + .0398S .67 .0223
8 E = .50 + .0568S .78 .0200
3 E = - .26 + .0467S .82 .0323
16 E - 1.73 + .0420S .97 .0027
7 E = 2.02 + .0585S .87 .0111
17 E = 1.08 + .0878M .92 .0096
32 E ffi 1.47 + .0871M .84 .0101
42 E ffi .83 + .0862S .95 .0120
16 E = - .19 + .1254M .98 .0062
II E = 1.51 + .0590M .99 .0030
8 E = - .04 + .I145M .99 .0042
25 E = - 2.02 + .1612M .89 .0175
19 E = 1.59 + .0624M .80 .0114
68 E = .87 + .0864M ,86 ,0020
13 E = 2,83 + .0350M .56 .0114
32 E ffi 1.95 + .0762S .75 .0124
21 E = .81 + .0602S .67 .0152
26 E ffi 1.20 + .0012S .13 .0018
7 E ffi .89 + .0210S .77 .0065
153 E = ,94 + .0769S .70 .0064
53 E = .82 + .04718 .94 .0025
13 E = 2.92 + .0520S .92 .0068
5 E ffi122.23 + .0352S .95 .0021
98
5
6
E ffi 3.86 + .0169S .65 .0020
E ffi 558.47 + .0624B .96 .0070
E = 123.08 + .1008B .98 .0030
n/Regresslon equations based on time series observations for 1958 through 1963.
_/Linear regressions using least squares method; full-time equivalent employ-
ment as the dependent variable, and production as the independent. Output in trade
sectors defined as margin (M), production in non-trade sectors defined as sales (S).
The University of Colorado and local government "production" is defined in terms of
budgets (B). M, S and B are all in thousands of dollars.
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it was necessary to distinguish between the sectors in which output is reported
as sale_._sand those in which output is a trade margin. This is indicated by the
capital letter following the regression equation for each sector in which S =
sales and M = margin. In the case of government agencies, which "produce"
neither sales nor margin, employment was related to annual budgets. This is
symbolized by the B following the equations for the University of Colorado and
local government. It should also be noted that while the functions for all
other processing sectors are based on cross-section data obtained from the
business interviews, the functions for the two government sectors are based on
tlme-serles data.
With three exceptions the employment-production functions are approximately
homogeneous. The _ term in the general equation (the slope of the regression
line) represents the direct employment change per dollar of output in each
sector. The _ term is the employment intercept, and it indicates the number of
persons who would be employed in each sector if sales (or trade margins) were
zero. Logically, if production in a processing sector is zero one would expect
employment to be zero, and this is what the low _ values in the regression equa-
tions of Table V-8 indicate. I--%/-"In the three sectors with relative large posi-
tive intercepts, the _ terms may be regarded as a form of "employment overhead,"
that is, the amount of employment that would be required in these sectors if
15/
sales (or budgets) were zero.--
TYpe Iand TYre IIgmployment multiplier s -- Given the employment-produc-
tlon functions, and the set of input-output tables, the calculation of employ-
ment multipliers is a straightforward matter. Type I and Type II multipliers
for each sector are summarized in Table V-9, and the specific computational
procedures are given in the footnotes to this table. As is true of its income
counterpart, the Type I employment multiplier is an estimate of the direct and
indirect employment changes associated with a one dollar increase in sales to
final demand by each of the processing sectors. In estimating this set of
multipliers Table IV-3 was used. This is the general solution of the input-
output system in which households are n otconsidered as a processing sector.
1-_4/In a few cases the intercepts are negative, but in these cases also they
are close to zero. The small _ terms, plus the relatively high correlation
coefficients and small standard errors of estimate, suggest that the relatlon-
ships in Table V-8 are statistically significant.
15/This interpretation should not, of course, be taken literally.
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TABLE V-9
CHANGES IN EMPLOYMENT ASSOCIATED WITH CHANGES IN
FINAL DEMANDS, BY SECTOR, BOULDER AREA, 1963
Industrial Sector
Extractive (agriculture
& mining
Manufacturing
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass
products
Machinery (non-elec.)
Professional & scientific
All other manufacturing
Space
Space-related
Trade
Automotive dealers
Gasoline service stations
Eating & drinking
Food stores
Lumber, building
materials & hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other retail
Wholesale
Services
Professional
Lodging
Real property rentals
Other rentals
All other services
Contract construction
Transportation
Utilities
Finance, insurance &
real estate
University of Colorado
Local government
(1) (2) (3) (4)
Direct plus
Direct indirect Indirect Type I
employmeg_ employme_ employmen_ employmentd/
change _I change- change _I multiplier-"
.0275 .0318 .0043 1.16
.0263 .0390 .0127 1.48
.0664 .0731 .0067 i. I0
.0749 .0809 .0060 1.08
.0398 .0488 .0090 1.23
.0568 .0611 .0043 1.08
.0467 .0513 .0046 I.I0
.0420 .0496 .0076 1.18
.0585 .0658 .0073 1.12
.0585 .0618 .0033 1.06
.0878 .0974 .0096 i. Ii
.0871 .0991 .0120 1.14
.0862 .0951 .0089 i. I0
.1254 .1384 .0130 I.I0
.0590 .0698 .0108 1.18
.1145 .1316 .0171 1.15
.1612 .1772 .0160 I.i0
.0624 .0802 .0178 1.29
.0864 .1051 .0187 1.22
.0350 .0446 .0096 1.27
.0762 .0860 .0098 1.13
.0602 .0784 .0182 1.30
.0012 .0239 .0227 19.92
.0210 .0266 .0056 1.27
.0769 .0882 .0113 1.15
.0471 .0696 .0225 1.48
.0520 .0591 .0071 1.14
.0352 .0436 .0084 1.24
.0169 .0231 .0062 1.37
.0624 .0661 .0044 1.06
.1008 .1056 .0048 1.05
(continued)
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TABLE V-9 (cont.)
Industrial Sector
Extractive (agriculture
& mining)
Manufacturing
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass
products
Machinery (non-elec.)
Professional & scientific
All other manufacturing
Space
Space-related
Trade
Automotive dealers
Gasoline service stations
Eating & drinking
Food stores
Lumber, building
materials & hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other retail
Wholesale
Services
Professional
Lodging
Real property rentals
Other rentals
All other services
Contract construction
Transportation
Utilities
Finance, insurance &
real estate
University of Colorado
Local government
(5)
Direct,
indirect
& induced
employme_
chan_e--
.0397
.0513
.0869
.I030
.0571
.0739
.0673
.0647
.0786
.0776
.1209
.1261
.1079
.1679
.0866
.1513
.2005
.1032
.1288
.0634
.1115
.0943
.0342
.0386
.1053
.0812
.0760
.0567
.0382
.0893
.1288
(6)
Induced
employme_
.. change--
.0079
.0123
.0138
.0221
.0083
.0128
.0160
.0151
.0128
.0158
.0235
.0270
.0128
.0295
.0168
.0197
.0233
.0230
.0237
.0188
.0255
.0159
.0103
.0120
.0171
.0116
.0169
.0131
.0151
.0232
.0232
(7)
Indirect &
induced
employmen_
change _
.0122
.0250
.0205
.0281
.0173
.0171
.0206
.0227
.0201
.0191
.0331
.0390
.0217
.0425
.0276
.0368
.0393
.O408
.0424
.0284
.0353
.0341
.0330
.0176
.0284
.0341
.0240
.0215
.0213
.0276
.0280
(8)
Type II
employmenth/
multiplier =.
1.44
1.95
1.31
1.38
1.43
1.30
1.44
1.54
1.34
1.33
1.38
1.45
1.25
I. 34
1.47
1.32
1.24
I. 65
1.49
1.81
1.46
1.57
28.50
1.84
1.36
1.72
1.46
1.61
2.26
1.43
1.28
(continued)
TABLE V-9 (cont.)
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Z/This column is the slope of the employment-production regression line in
each sector. Each figure represents the direct increase in employment associated
with an increase in total gross output of $I,000.
_/If r.. is the total direct and indirect production required from j to sup-
port the de_very of one dollar to final demand by industry i (from Table IV-3),
and m. is the slope of the employment-production function for sector j (column I
of this table), the entry in each row of column 2 is given by:
n
Z rijm j , (i = I . . . n)
j=l
_/Column 2 minus column I.
n/Column 2 divided by column I. These show direct and indirect changes and
are based on the method developed by F. T. Moore and J. W. Petersen in "Regional
Analysis: An Interindustry Model of Utah," Th___eReview of Economics and Statis-
tic...__s,Vol. XXXVll (November 1955), pp. 376-377.
_/If r.. is the direct, indirect and induced requirements from industry j to
support an _ditional delivery of one dollar to final demand by industry i (from
Table V-l), and m. is the slope of the employment-production function for sec-
tor j (column I o_ this table), the entry in row i of column 5 is given by:
n
I rijm.,, (i = i . . . n)3
j=l
_/Column 5 minus column 2.
g/Column 5 minus column I.
_/Column 5 divided by column I.
duced employment changes.
These show the direct, indirect and in-
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To estimate the Type II employment multipliers, which show the direct, indirect
and induced changes in employment associated with a one dollar increase in sales
to final demand by each processing sector, Table V-I was used. This is the
general solution in which households are treated as a processing sector. The
Type II multipliers thus include the employment effects of the increased con-
sumption expenditures which follow increases in local production. As is true
of the income multipliers, high direct employment changes are associated with
relatively low employment multipliers, and in most cases induced employment
changes are larger than indirect employment changes in the Boulder area. Where
the reverse is true, the differences are small except in the case of "real
IT
property rentals, a dummy sector, and contract construction which has a high
degree of local structural interdependence.
Because of the high degree of aggregation involved in the Utah study, no
direct comparisons of the Boulder and Utah multipliers can be made.--16/ In
general, however, the Boulder multipliers are smaller than those calculated for
Utah which was expected on __grounds. Type II employment multipliers
were not calculated in the St. Louis study, but a comparison of Type I multi-
pliers (for the sectors where comparisons can be made) is given in Table V-10.
With one exception, the St. Louis multipliers are higher than those estimated
for the Boulder area, and this again conforms to ! priori expectations. In the
one exception -- food and kindred products -- direct employment changes in the
Boulder sector were smaller than those in St. Louis, and the result was a
slightly higher multiplier.
Typelll employment multipliers -- In an earlier section it was argued
that the Type II income multipliers overstate to some extent the induced
effects of increased sales to final demand since they do not account for differ-
ences between the population and per capita effects. That is, they do not dis-
tinguish between the effects of growth of employment and marginal increases in
per capita income. Since there is a connection between induced employment
changes and induced income changes the same reasoning can be applied to employ-
ment multipliers. To adjust for these differences, Type III employment multi-
pliers were computed as counterparts of the Type III income multipliers. The
results are given in Table V-II, and a comparison of Type II and Type III employ-
ment multipliers is given in Table V-12. As in the case of the income multipliers,
16/Also, employment-production functions for Utah were estimated from
adjusted national data. See Moore and Petersen, up. ci___t.,pp. 337-339.
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TABLE V o 10
COMPARISON OF ST. LOUIS AND BOULDER EMPLOYMENT MULTIPLIERS
Industrial Sector
Food and kindred products
Printing and publishing
Machinery (non-electrical)
Finance, insurance &
real estate
Eating and drinking
Type I multiplier
St. Louis _I Boulder
Direct and indirect.
employment change_ b/
St. Louis _a/ Boulder
1.24 1.48 36 39
1.27 1.08 115 81
1.35 1.08 119 61
1.47 1.37 75 23
1.49 1.10 155 95
_/Werner Z. Hirsch, "Interindustry Relations of a Metropolitan Area,"
Th.__eeReview of Economics and Statistics (November 1959), p. 368.
_/Change in full-time equivalent man-years per million dollar change in
delivery to final demand.
TABLE V-II
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CHANGES IN COMMUNITY EMPLOYMENT ASSOCIATED WITH CHANGES
IN SECTORAL FINAL DEMANDS, BY SECTOR, BOULDER AREA, 1963
Industrial Sector
(1) (2) (3) (4)
Direct,
indirect Indirect &
& induced Induced induced Type III
employment employment employme_ employment
change _a/ change _b/ change- multivlier_/
Extractive (agriculture & mining) .0372
Manufacturing
Food & kindred products .0478
Furniture & fixtures .0848
Printing & publishing .0982
Stone, clay & glass products .0556
Machinery (non-electrical) .0714
Professional & scientific .0639
All other manufacturing .0601
Space .0753
Space-related .0752
Trade
Automotive dealers .1164
Gasoline service stations .1180
Eating & drinking .1054
Food stores .1602
Lumber, building materials
&hardware .0833
General merchandise .1479
Apparel & accessories .1962
Furniture & appliances .0976
All other retail .1225
Wholesale .0565
Services
Professional .1017
Lodging .0886
Real property rentals .0294
Other rentals .0323
All other services .1007
Contract construction .0793
Transportation .0719
Utilities .0532
Finance, insurance & real estate .0305
University of Colorado .0847
Local government .1220
.0054 .0097 1.35
.0088 .0215 1.82
.0117 .0184 1.28
.0173 .0233 1.31
.0068 .0158 1.40
.0103 .0146 1.26
.0126 .0172 1.37
.0105 .0181 1.43
.0095 .0168 1.29
.0134 .0167 1.29
.0190 .0286 1.33
.0189 .0309 1.35
.0103 .0192 1.22
.0218 .0348 1.28
.0135 .0243 1.41
.0163 .0334 1.29
.0190 .0350 1.22
.0174 .0352 1.56
.0174 .0361 1.42
.0119 .0215 1.61
.0157 .0255 1.33
.0102 .0284 1.47
.0055 .0282 24.50
.0057 .0113 1.54
.0125 .0238 1.31
.0097 .0322 1.68
.0128 .0199 1.38
.0096 .0180 1.51
.0074 .0136 1.80
.0186 .0223 1.36
.0164 .0212 1.21
_/Analogous to column 5 of Table V-9 but computed by an iterative procedure in-
volving the separation of total income changes into population and per capita effects.
_/Column I minus column 2 of Table V-9.
_/Column I minus column i of Table V-9.
_/Column I divided by column I of Table V-9.
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TABLE V-12
COMPARISON OF TYPE II AND TYPE III EMPLOYMENT MULTIPLIERS,
Industrial sector
Extractive (agriculture & mining)
Manufacturing
Food & kindred products 1.95
Furniture & fixtures 1.31
Printing & publishing 1.38
Stone, clay & glass products 1.43
Machinery (non-electrical) 1.30
Professional & scientific 1.44
All other manufacturing 1.54
Space 1.34
Space-related 1.33
Trade
Automotive dealers 1.38
Gasoline service stations 1.45
Eating & drinking 1.25
Food stores 1.34
Lumber, building materials &
hardware 1.47
General merchandise 1.32
Apparel & accessories 1.24
Furniture & appliances 1.65
All other retail 1.49
Wholesale 1.81
Services
Professional 1.46
Lodging 1.57"
Real property rentals 28.50 _I
Other rentals 1.84
All other services 1.36
Contract construction 1.72
Transportation 1.46
Utilities 1.61
Finance, insurance & real
estate 2.26
University of Colorado 1.43
Local government 1.28
_/From column 8, Table V-9.
_/From column 4, Table V-II.
i
&/Column 2 divided by column i.
BOULDER AREA, 1963
(1) (2)
Type II _t Type III ..
multiplier _, DI, multiplier--
1.44 1.35
(3)
Percentage .
difference _/
93.8
1.82 93.3
1.28 97.7
1.31 94.9
1.40 97.9
1.26 96.9
I. 37 95. i
I.43 92.8
I. 29 96.3
1.29 97.0
1.33 96.4
1.35 93.1
1.22 97.6
1.28 95.5
1.41 95.9
1.29 97.7
1.22 98.4
1.56 94.5
1.42 95.3
1.61 89.0
1.33 91.1
I._7 .. 93.6
24.50_/ -86.0
1.54 83; 7
1.31 96.3
1.68 97.7
1.38 94.5
1.51 93.8
I. 80 79.6
I. 36 95. I
1.21 94.5
_/Because of the manner in which this dummy sector was defined, the direct
employment change per dollar of output was extremely small. Thus the Type II and
Type III multipliers are unusually high. Because of the small slope of the re-
gression equation, an increase in output to final demand of one million dollars
from this sector would still not result in a large change in employment.
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the Type III employment multipliers are smaller than the Type II. Differences
between the two types of employment multipliers tend to be smaller than those
between the income multipliers, however.
The same iterative procedure used to calculate the Type III income multi-
pliers was used to derive their employment counterparts. Each round of the
iteration resulted in changes in output by sector. These were multiplied by
the b terms of the employment-production functions, and the results of the
iterations were summed to obtain estimates of the direct, indirect and induced
employment generated by additional sales of one dollar to final demand by each
processing sector. The employment results were then expressed in terms of man-
years per million dollars of additional sales to final demand.
The iteration procedure followed in computing the Type III income and
employment multipliers resulted in changes in output by sector with additional
sales to final demand in each of the processing sectors. These outputs can be
presented as a matrix of direct, indirect and induced coefficients (Table V-13).
This table shows in complete detail the direct, indirect and induced production
requirements from which the Type III multipliers are computed. It is analogous
to Table V-I which shows the direct, indirect and induced production from whlch
Type I and Type II multipliers were computed. It differs from Table V-I in
that the household row and column are not included. The table shows the impacts
of increased deliveries to final demand by any of the processing sectors, based
on the assumptions about consumption used in the development of Type III multi-
pliers.
The Local Impact of Space Activities
All of the analytical tools for estimation of the impact of space and
space-related activities on the Boulder area have now been fashioned. The road
has been a circuitous one, but each step has been necessary. The static, open
input-output model, which is the foundation of the entire analysis, offers
little that is new. One innovation was the use of household data obtained by
survey methods to obtain more accurate estimates of consumption patterns than
would have been possible had we relied entirely on the survey of business estab-
lishments. The lower income and employment multipliers than those calculated
earlier for Utah and St. Louis reflect income leakages from the relatively open
economy of the Boulder area.
The major innovation of Part I of the study, however, was the development
of Type III income and employment multipliers which distinguish between population
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.00005 .00570 .00228 .01156 .00581 .00254 .00243 .00237 .00306 .00559 .00246 .00846 .00030 .01847 .00122
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E o
c
u C @
.02198 .00200 .01435 .02613 .01773 .01021 .01520 1,17749 1
.03363 _ .00301 .01183 .03025 .02944 .02054 .01819 1.52296 2
.03605 .01396 .02470 .03472 .03800 .02707 .02082 1.33430 3
.05282 .00560 .01618 .03894 .05954 .04021 .03153 1.40810 4
.028521 .00236 .02209 .03192 .02411 .01576 .02579 1.31638 5
.03035 .00574 .00710 .03653 .03229 .02393 .02079 1.27513:6
.03744 .00652 .02247 .02646 .04048 .02937 .01857 1.29862 7
I
•02790 I .00438 .01150 .05062 .03017 .02428 .03445 1.32127 8
•02963 I .00356 .02222 .04022 .02190 .02359 .02153 1.32966 9
.02827: .00465 .02530 .02798 .02054 .04277 .01736 1.2808_ I0
.075191 .01116 .01472 .05272 .05481 .04391 .03762 1.49598 ii
•09631: .01315 .01791 .07544 .05351 .04384 .03608 1.56367 12
•05708 .00362 .00661 .04877 .03197 .02394 .01921 1.35324 13
.07047 .01136 .01914 .06800 .06079 .05041 .05179 1.59378 14
.04994! .02228 .04466 .04226 .03351 .03131 .03369 1.41604 15
.06516 .00821 .07405 .08751 .06219 .04326 .04411 1.60440 16
.09214 .00886 .02937 .09627 .06060 .04409 .04738 1.66348 17
.091771 .00729 .05500 .07253 .05756 .04061 .05124 1.66215 18
.06479 .00920 .07881 .08077 .05103 .04051 .04950 1.68501 19
.04198 .00623 .03641 .04569 .04926 .02763 .03468 1.41831 20
.04846 .00759 .00782 .06297 .05721 .03659 .04125 1.55568 21
.061781 .01405 .00706 .12576 .07827 .02369 .06552 1.56686 22
.04691! .01563 .00405 .09465 .11379 .0134_ .13048 1.48746 23
.01954 .00209 .00482 .02647 .02262 .0134_ .02721 1.18842 24
1.06615 .00565 .O090L .05821 .05738 .02905 .02811 1.43088 25
.02662 1.25473 .01743 .02330 .04918 .02610 .01900 1.64876 26
.05602 .00414 1.00747 .04461 .02871 .0296Z .03176 1.33562 27
.02812 .00683 .00882 1.02783 .01980 .02226 .06690 1.26921 28
.02796 .01098 .00465 .02579 1.04173 .01722 .01674! 1.23987 29
.03873 .00660 .01889 .04062 .02929 1.04319 .02277 1.37475 30
.04202 .01056 .00900 .05298 .02906 .03853 1.02316 1.36387 31
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effects (based on average propensities to consume) and per capita effects (based
on marginal propensities to consume). These multipliers are lower than the Type
II multipliers developed earlier by Moore-Petersen and modified by Hirsch. By
accounting both for consumer expenditure leakages from the local economy, and
the differential effects of economic growth and rising per capita income, the
Type III multipliers should measure quite accurately the impacts o_.nnth.__elocal
community of a given increase in output in the space or space-related sectors.
The analytical tools have been forged, but what precisely do they show?
This question can best be answered by an illustration. Shortly before the ana-
lytical work on this study was completed one of the establishments in the Boulder
space sector was awarded a contract of $9 million by NASA. If we assume that
this represents a net addition to the output of the local space sector (i.e. an
increase in the "bill of goods" of the transactions table), and If we make the
further assumption that the establishment had sufficient capacity to handle this
contract without expansion of plant and major equipment (i.e. if we ignore its
capital account), the following results may be expected, after all multiplier
effects have worked themselves out.
From the space sector's employment-productlon function (Table V-8) it is
estimated that 526 direct man-years of employment will result from the new con-
tract. When the Type III multiplier is applied, that is, when all of the direct,
indirect and induced effects have been traced, the estimated total addition to
employment amounts to 678 man-years.
The degree of structural interdependence within the Boulder area space
sector is not high; many of the sector's inputs must be imported. This means
that on the first round of expenditures a substantial part (25.3 per cent) of
the $9 million will go to the outside sectors given in Table IV-I. In spite of
this, when all of the direct, indirect and induced effects on production are
traced, the original $9 million contract will add almost $15.5 million to the
output of the Boulder economy. Because the major input to this sector comes
from households, this increase in production will add over $3.5 m/lllon to
the income of households in the Boulder area. The details of the local impact
of this contract (based on Table V-13) are given in Table V-14.
Within the analytical framework of this study it is not possible to estl-
mate the total impact of this contract on the U. S. economy. Estimates have
been made, however, of the direct effects on the Denver Metropolitan Area, the
rest of Colorado, and the "rest-of-the-world." It has been estimated that these
will amount to $1.3 million, $68 thousand, and $1.8 million, respectively. The
details of how these estlumtes were derived are given in Appendix I-VI.
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TABLE V- 14
PRODUCTION REQUIRED FROH BOULDER AREA FIRMS TO SUPPORT AN INCREASE
OF $9 MILLION IN THE SPACE SECTOR'S SALES TO FINAL DEMAND
(1) (2)
Direct Increased
indirect and income
induced increase payments
Industrial Sector
in product i_n
,, required a-/
(3)
Increased
employment
to local .. generated in .
house,hold,s R/ _0ulder area _/
Extractive (agriculture & mining)
Manufacturing
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass products
Machinery (non-electrical)
Professional & scientific
All other manufacturir_
Space
Space]_elated
Trade_'
Automotive dealers
Gasoline service stations
Eating & drinking
Food stores
Lumber, building materials
&hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other retail
Wholesale
Services
Professional
Lodging
Real property rentals
Other rentals
All other services
Contract construction
Transportation
Utilities
Finance, insurance & real estate
University of Colorado
Local government
Households
Total
$ 17,532 $ 2,432 .48
31,583 7,640 .84
7,565 2,309 .50
92,262 47,884 6.91
4,648 710 .19
572 168 .03
99,145 37,191 4.63
9,478 3,155 .40
9,000,090 2,461,435 526.51
136,369 51,875 7.98
47,018 25,236 4.13
20,645 12,579 1.80
102,052 27,134 8.80
51,760 34,543 6.49
10,335 3,688 .61
39,712 18,201 4.55
21,193 10,253 3.42
26,958 12,469 1.68
79,563 37,575 6.87
31,959 13,063 1.12
97,585 55,663 7.44
2,821 774 .17
539,282 56,064 ,65
32,716 8,833 .69
266,656 95,444 20.51
32,010 5,790 1.51
199,953 77,008 10.40
362,010 103,115 12.74
197,113 67,375 3.33
212,280 120,471 13.25
193,757 109,089 19.53
3,519,686 10,686 1.04
15,486,308 3,519,852 679.20
R/Each entry in row 9 of Table V-13 times $9 million.
_/Each row in column I times that sector's corresponding direct income pay-
ment to households per dollar of adjusted total gross output (column I of Table V-2).
k/Each row in column 1 times that sector's corresponding direct employment
change per dollar of increased total gross output (column I of Table V-9).
_/Trade output figures are margins.
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APPENDIX l-I
DATA SOURCES FOR THE DEVELOPMENT OF CONTROL TOTALS
The term "control total" refers to the dollar value of total sales for each
sector of the input-output table. Control totals differ from Total Gross Output
by the amount of ending inventory for the accounting period covered by the table.
In all cases where it was possible to do so, control totals were derived inde-
pendently from published data or private sources.
I. The extractive sector (agriculture and minlng) -- The basic source for
the mining control total was the 196____3Mineral Yearbook, Vol. III, Area Reports.
Totals on page 250 cf this publication were disaggregated by minerals, and then
re-aggregated to the control total by using the value of minerals mined within
the study area. Almost two-thirds of total county production was mined within
the study area.
Agricultural control totals were much more difficult to obtain. Un-
published agricultural statistics for 1963 were obtained from the Colorado Ve-
partmant of Agrlculture for all of Boulder County. After discussing the problem
with the county agricultural agent, state officials, and others, a dollar value
of cash receipts for all agricultural commodities was derived for the study area.
The control totals for both agriculture and mining were then aggregated into one
figure for the input-output table.
2. Manufacturir_ -- While most of the two-dlglt S.I.C. manufacturing sec-
tors are represented in the Boulder study area, slightly less than half contain
three or more firms. Because of disclosure rules, only seven manufacturing sec-
tors are included in the table in addition to space and space-related manufactur-
ing.
The manufacturing sectors, taken as a group, presented a number of seri-
ous difficulties in the derivation of control totals. Since the lg_Census of
Manufacture%, so many changes have taken place in Boulder County manufacturing
-- and particularly in the Boulder study area -- that data from this source were
not considered reliable for developing control totals. The average dollar value
of manufactured product per employee times sectoral employment was used to de-
rive control totals for each of the manufacturing sectors. The employment data
used for each sector were supplied by the State of Colorado Department of Employ-
m_nt from unpublished statistics which they maintain. The value of product per
employee for each of these sectors required further estimation.
It was possible, using the 1958 Census o__fManufactures, Vol. III, Are__._aa
St___aatistics, to derive initial figures on employment and value of shipments by
four-digit industry group, by state. However, these data were out of date and
are rather gross measures. To help overcome this handicap a "short-intervie_'
was designed to gather appropriate data from local establishments. The data thus
collected -- on sales, employment, payroll, and other aggregates, by establish-
mant -- permitted the construction of a fairly accurate production profile for
each of the sectors (both manufacturing and nonmanufacturing). The value of
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product per employee, and per dollar of wage and salary payments, were calculated
for each of the sectors, and the two values were reconciled. These results multi-
plied by average employment in each sector gave the control totals used in the
transactions table.
3. Retail and wholesale -- Most of the retail and wholesale control totals
were derived from unpublished reports of the Colorado Sales Tax Collection Divi-
sion. However, these data are not collected nor organized in such a way as to
make them directly comparable with S.I.C. codes. Fortunately, the State data
were sufficiently disaggregated (in most cases) to permit re-aggregation into the
S.I.C. classes of Table III-I. Before using these control totals as input data
they were compared with preliminary data for the 1963 Census of Business pub-
lished by the U. S. Department of Co_nerce. The control totals compared favor-
ably with the 1963 Census data except in a few cases where they were somewhat
larger. Since the Census data reported only on the City of Boulder, as defined
by its corporate limits, while the study area was defined as the local telephone
exchange area, the differences could be explained. In other cases where the Cen-
sus and study areas were coterminous, or approximately so, the control totals
developed for the study area were extremely close to the value dollar sales as
reported.
4. Professional services -- This sector's control total was estimated from
a combination of the field data from the "short interviews," employment data from
the Colorado Department of Employment, extrapolations from the 1958 Census of
Business (services sections), and from a count of the total numb--e_-rofestablish-
ments in each of the separate professional service categories within the study
area. These data were used to estimate dollar production per employee and pro-
duction per dollar of wages and salaries (for those service establishments with
a payroll). From these the separate control totals were derived for each of the
component parts of the professional services sector. These were then aggregated
into a single control total for the entire sector.
5. Lodging -- The control total for this sector was taken directly from
the Colorado Sales Tax Reporting Division, since Colorado has a sales tax on
lodging services. All firms selling lodging services must report tax collections,
sales, and other information to this agency. Geographical disaggregation from
county data was necessary to obtain a Boulder study area control total.
6. Real property rentals -- The control total for this sector was one of
the most difficult to derive. The sector was designed to include rooming and
boarding houses, as well as rental properties for both business establishments
and residential housing. While the rooming and boarding houses should logically
be included in the lodging sector, it was felt that the lodging sector should be
reserved only for transient lodging expenditures, and that those establishments
catering to the local population (primarily student) should be included within
the same sector as residential housing. There are some motels in the Boulder
area which rent exclusively to students and other non-transients because of un-
favorable location, or the age and condition of their facilities. These estab-
llshments were shifted from the lodging sector to the real property rentals sec-
tor.
Because of this re-sectorlng, it was impossible to rely on published
sources for the derivation of a control total. This control total was thus de-
veloped from an estimate of the average cost of student rooms, hotel rooms, apart-
ments, commercial properties and residential housing. The average costs were
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multiplied by the number of families and students estJ_nated to be using each
separate type of accommodation, and by the number of establishments which were
utilizing rental store and commercial property. The sub-totals thus derived
were then aggregated to obtain the control total for the sector.
7. All other rentals -- This relatively small sector contains those firms
which provide rental services of automobiles, machinery and equipment, household
goods, and so forth. A control total for this sector was derived from dollar
output figures per employee times average employment.
8. All other services -- This sector contains all of the service businesses
which are not listed in the service sectors mentioned above. The bulk of these
activities are repair services, barber shops and beauty parlors, laundries, and
similar establishments. This control total was derived by two different methods.
The first was to multiply total service employment (including employment in the
services in other sectors) by total service output. From this, the control to-
tals for each of the services in other sectors were subtracted. The remainder
was an initial control total for this sector. In addition, a sample of field
data was taken for the establishments in this sector and control totals for each
type were developed using employment-output figures. These independent control
totals were then aggregated and reconciled with the control total developed
earlier for the sector.
9. Contract construction -- The initial control total for this sector in-
cluded construction by local firms both inside and outside the Boulder area.
1963 building permits were used to adjust for local construction performed by
outside firms.
I0. Transpo_at_Qn -- This sector presented extremely difficult control to-
tal problems. Most of the problems stemmed from the fact that a large part of
the revenues and expenses of this sector were imputed because of the use of pro-
ducers' prices in the input-output analysis. Under this assumption the buyer
pays both selling and transportation costs. But many firms operating their own
delivery systems have pure transportation expenses aggregated with other expenses.
In these eases all internal transportation expenses incurred in the delivery of
the establishment's output to its customers had to be estimated and shifted to
the transportation sector. The value of sales in establishments having this ar-
rangement had to be reduced by the amount of transportation expenses. This
amount was eventually shown as a purchase of transportation services by the cus-
tomer -- not the selling establishment.
While it is relatively easy to derive control totals for public trans-
portation -- such as buses, common carrier trucks and railroads -- it is diffi-
cult to estimate the additional sales of imputed transportation whlch are in-
cluded in the price of local outputs from various sectors. Fortunately, imputed
transportation costs are an important component of delivered prices in only a
few sectors. These were estimated from field data and added to the initial con-
trol total obtained from published data.
II. Utilities -- These control totals were taken from field data for this
sector since all firms providing utility services in the study area were inter-
viewed. The sum of their sales was used as the control total for thls sector.
12. Finance. iDsu_ance, and r_al es;ate -- This sector is a highly aggre-
gated one, and to derive a control total it was necessary to disaggregate it into
its three major component parts -- finance, insurance and real estate.
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In the finance sector all banks and many of the small loan institutions
in the study area were interviewed. The field data were used to extrapolate a
sub-sector total on the basis of employment.
Two insurance sub-totals were derived. It was possible, from field
data, to estimate an average sales figure for individual insurance agents. These
were multiplied by the total number of agents in the study area to derive an ini-
tlal control total. Next insurance expenses incurred locally, by both households
and business establishments in other sectors, were calculated using averages for
each type of operation (as a percentage of sales or income). These were expanded
to obtain an alternative sub-total. The two totals were reconciled into one in-
surance sub-total.
The real estate control total included only the commissions, or gross
margins, of real estate agents and firms. This total was derived from a combi-
nation of survey data and employment in this sub-sector.
As a final step, the three sub-totals were summed to obtain the control
total for the sector.
13. Government sectors -- Independent control totals were not necessary in
the government sectors since a census of government agencies was conducted. The
only problem involved in obtaining control totals for the government sectors,
and this was a minor problem, resulted from the standard practice in government
agencies of keeping accounts on a fiscal year basis. Since most local offices
also record data on a quarterly basis it was quite simple, although time-
consuming, to adjust the quarterly data to a calendar-year basis.
APPENDIX l-II
INTERV IEW IDENT IF ICAT ION
APPENDIX I-II
NASA - UNIVERSITY OF COLORADO
LOCAL IMPACT OF SPACE
ACTIVITY STUDY
HOUSEHOLD QUESTIONNAIRE
BuBud Approval 104-63-04
Expires Jan. 1965
Interviewer
Time Spent
Date
Ii Questionnaire Number:
o Address:
Code Area Number
, Is respondent head of household?
I. Yes 2. No
HEAD OF HOUSEHOLD IDENTIFICATION
4. Sex:
i. Male 2. Female
o Color or Race:
I. White 2. Negro , Other
Q Age:
Code actual age
, Marital Status:
i. Married 2.
3. Divorced 4.
Widowed
Never Married
, What is highest grade or year of
regular school ever attended?
Code actual number
o How many children in household?
Code actual number
-2-
HOUSEHOLDEMPLOYMENT
Ii.
12.
Inwhat city or town do the members of this
household work?
Head of household
Wife
Other
Code: I. Boulder 2. Denver 3. Boulder Co.
4. Outside Boulder Co. but not in Denver
13.
14.
15.
If working, for whom are the members working?
Head of household
Wife
Other
Code according to SIC - 4 digits - interviewer
note name of company, business or other in
blank provided
16.
17.
18.
_._at kind of work are the members doing?
Head of household
Wife
Other
Code according to U.S. Census occupational
categories - interviewer note kind of work
in blank provided
19.
20.
21.
How many weeks did members work during 19637
Head of household
Wife
Other
Interviewer note actual number of weeks -
Auditor categorizes thus: I. 0, 2. 1-13,
3. 14-26, 4. 27-39, 5. 40-47, 6. 48-49,
7. 50-52
HOUSING CHARACTERISTICS
-3-
BuBud Approval 104-63-04
Expires Jan. 1965
22. Is this unit owned by respondent or rented?
1
Code: I. O_ed 2. Rented
23.
24.
If owned: What is approximate current market
value on unit?
Code actual value in dollars
What is house assessed for?
I 1
Code actual assessment in dollars
25.
26.
27.
28.
29.
If rented: Which of the following are included
in rent payment?
Electricity t ]
 ,ator I I
Oil, Wood, Coal, Kerosene
I i
Other I 1
Code: i. Yes 2. No
30. If rented, where does owner live?
I
Code: I. City of Boulder 2.
3. Elsewhere
I
Boulder County
-4-
ATTITUDES
ECONOMIC PERSONAL
31. Where did you live prior to coming to Boulder?
Code: I. New England - Maine,N.H.,Vermont,
Mass.,R.l.,Conn.
2. Mideast - N.Y.,N.J.,Penn.,Delaware,
Md.,Washington D.C.
3. Great Lakes - Mich.,Ohio,lnd.,lll.,Wisc.
4. Plains
5. Southeast
6. Southwest
7. Rocky Mtn.
8. Far West
9. Colorado
- Minn.,lowa,Mo.,N.D.,S.D.,
Nebraska,Kansas
- Virginia,W.Va.,Ky.,Tenn.,
N.C.,S.C.,Georgia,Florida,
Ala.,Miss.,Louisiana,Ark.
- Okla.,Texas,N.M.,Arizona
- Montana,Idaho,Wyoming,Utah
- Wash.,Ore.,Nevada,Calif.,
Alaska, Hawaii
32. How long have you lived in Boulder?
(Only latest residency to be considered)
Interviewer: Code actual number of years
Auditor: Code categories, i.-I, 2. 2-3, 3. 3-6,
4. 7-10, 5. 10-20, 6. 20-40, 7. 40 +
33.
_at was your primary reason for locating in Boulder?
J
Code: I. Employment 2. Physical Environment
3. Cultural Environment 4. Health
5. Personal
34. Do you plan to stay in Boulder?
Code: i. Yes 2. No 3. Don't Know
35. Why?
Code: i. Employment 2. Physical Environment
3. Cultural Environment 4. Health
5. Personal
-5-
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MARKETINGANALYSI
36.
37.
38.
39.
40.
41.
42.
43.
Do you find the following factors to be more
common in downtown Boulder or in the shop-
ping centers?
Lower prices
Better product variety
Better service including credit
Accessibility including parking
Code: i. Downtown Boulder
2. Shopping Centers
3. No Opinion
4. Both are equal
Do you find the following factors to be more co_mon
in Boulder or in Denver?
Lower prices
Better product variety
Better service - including credit
Accessability - including parking
Code: I. Boulder
2. Denver
3. No Opinion
4. Both are eo_tl
-6-
SOCIAL AND GEneRAL
44.
45.
Would you like to see Boulder continue to grow?
Code: i. Yes 2. No 3. No Opinion
Code: i. Employment
2.
3.
4.
5.
Physical Environment
Cultural Environment
Health
Personal
46.
47.
48.
49.
50.
51.
52.
If local government had $I00 to spend _,ich items
should this be spent )n?
Library
Parks
Schools
Traffic Improvement
Welfare
Land Use Planning
Tax Cut
Code: Actual dollars or percentage
53.
54.
55.
56.
57.
58.
59.
If Federal government had $I00 to spend on the
following how should it allocate this?
Education
Welfare
Foreign Aid
Highways
Space Programs
Other Military
Tax Cut
Code: Actual dollars or percentage
-7-
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SOCIALANDGENERAL (Continued)
Do you feel there are any benefits from space
expenditures?
60. Code: i. Yes [ [
2. No
3. No Opinion
If so, rank the following benefits:
Employment or Economic Benefit
Defense
Prestige
Scientific Knowledge
Code: Actual rank in order I through 4.
If two benefits equal in rank, give
both benefits same number.
6i
62.
63.
64.
65. Have you ever heard of Ball Brothers?
Code: i. Yes 1
W
2. No
66.
_'_at is their principal endeavor?
i. If correctly answer space
2. If they have heard of Ball Brothers,
but do not know what they do.
-8-
SOURCES OF HOUSEHOLD INCOME " 1963
Earned Income
*Wages and Salaries
Dividends
Interest
Net Rentals
Profits of Unincorporated Firms
Other, Specify
Total Earned Income
67.
68.
69.
70.
71.
72.
73.
City of Boulde_
Amount
i
I
J
Outside Boulder
Location Amount
Transfers
Unemployment Compensation
Social Security
Old Age Benefits
Straight _Ifare Payments
Workmen's Compensation
Veterans Payments
Gifts (Cash)
Educational Assistance
Military Retirement, Pensions
Other, Specif_
Total Transfers
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
TOTAL (Earned Income Plus Transfers) 8Sf j
Include Supplements to Wages: I. Employer Contributions for (a) insurance, (b) private
pension, and (c) health and welfare funds.
2. Pay of the military service
Sale of Assets
Durable Goods
Stocks
Bonds
Other, Specif_
Loans
Personal
Installment
Insurance Policy
Other, Specify
Savings (Bank)
Past Savings
Miscellaneous
Other Miscellaneous Services
TOTAL SOURCES
-9-
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86.
87.
88.
89.
City of Boulde_
Amount
Outside Boulder
Location Amount
90.
91.
92.
93.
951 I l I
96. i I J
-I0-
USES OF HOUSEHOLD INCOME - 1963
Household Purchases - 1963 (Actual purchase cost of ?.oods and services. The purchase
need not necessarily have been paid for.)
Sector Description
Retail
Automotive Dealers - New Cars
Used Cars
Parts - Repairs
Gasoline Service Stations
Eating and Dining Establishments
Food Stores
General Merchandise
Apparel and Accessories
Furniture, Home Furnishing, Appliances
New
Used
Lumber, Building Material
Other Retail
Wholesale
Services
Medical and Health
Tu ition
Other Services
Finance, Insurance, Real Estate
Taxes
Contract Construction
Transportation
Utilities
Rental
Househgld (Maids, etc.)
TOTAL PURCHASES
97.
98.
99.
I00.
I01.
102.
103.
104.
i05.
106.
107.
108.
109.
ii0.
IIi.
112.
113.
114.
115.
116.
117.
118.
119.
120.
3ity of Bouldez
Amount
Outside Boulder
Location Amount
L
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OTHERELEMENTSTO BE CONSIDEREDIN THEHOUSEHOLDBUDGET
Gifts to Others  211 i i I
Cash Repayments
Automobile Purchased in 1963 122.
Purchased Prior to 1963 123.
Furniture and Appliances
Purchased in 1963 124.
Purchased Prior to 1963 125.
Home Purchased in 1963 126.
Purchased Prior to 1963 127.
Other, Specify 128.
Savinss
Bank 129.
Security and Bond 130.
Land Purchases 131.
Other, Specify ,, 132.
TOTAL USES 133.
-12-
ANALYSI OFTRANSITORYINCOME
134. During the past year, did you receive
any moneyor other income which you
did not expect or would not normally
expect to receive?
Code: i. Yes 2. No 3. Don't Know
135.
136.
137.
138.
139.
140.
141.
If so, about how muchwas received and
what was the source?
Bonus or Business Profit
Overtime or Commissions
Extra or part-time job
Insurance
Investments
Gifts or Inheritance
Other (Specif_ )
Amount
142.
143.
144.
145.
146.
147.
IAa.
149.
150.
 51.
To the best of your memory, what did you
do with this iucome?
Added to regular consumption (no
special use)
If so, did it substitute for potential
borrowing or dissaving?
Code: I. Borrowing 2, Dissaving
3. Both
Spent it for something you would not
have bought otherwise during 1963?
Non-durables
Durables
Services
Saved or invested it?
Savings Accounts, Savings Bonds
Securities, Investment Funds
Real Estate, Home Improvement
Loan Prepayment
Other (Specify )
Amount
Amount
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APPENDIX I-Ill
CALCULATION OF STUDENT AND NON-STUDENT EXPANSION FACTORS
Calculation of Student Expansion Factor
Total Fall term 1963 registration !/
Less: Conxnuters from outside Boulder area _/
Total resident Fall term 1963 registration
Less: Part-time married resident student 3/
Total resident full-time registration
Total number student respondents
12,538
931
11,607
80
11,527
172
172 (X) = 11,527
X = 67.02
Student expansion factor = 67.02
!/Income and expenditures were obtained by questionnaire for the entire year
of 1963. Fall term registration was used as an indicator of the student body
population throughout the year, realizing that registration durln E Sprln E term
was somewhat less -- 11,439 to be exact. Howeverp it was assumed that the lower
Spring term registration would be offset by the two Summer term enroll_nents.
2--/As reported in the 1963-64 Student Directory.
_/These "students" and their dependents were added to the non-student house-
hold population on the assumption that their income and expenditure patterns
more nearly approximate those of residents than students. The numbeE of part-
time married resident students was estimated from Table I, Appendix B, _ Inves-
tigation of the Characteristics of the Unlve_i_yofColorado Married S_udents,
by Lawrence Lomako, WilllamH. Mullin, Jr., and WilllamM. Kuhn, -March 19_3, a
report presented to the Planning Office and Office of Institutional Research at
the University of Colorado.
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Calculation of Non-Student Expansion Factors
Method i
Total residential telephone users, Boulder telephone exchange _/
Plus: Business users in residential unit with household _/
Less: Total students included in telephone directory _6/
exclusive of part-time married students _/
Estimated non-student resident telephone users -- Boulder area
Less: Duplicate lines to single household _/
Estimated non-student resident households -- Boulder area _/
Total non-student respondents
16,553
I00
16,653
10,726
5O
10,676
11,006
609
609 (x) = 11,006
x = 18.07
Non-student expansion factor (Method I) = 18.07
&l
_'Derived from 1963 Boulder Telephone Directory published In October 1963.
All non-residential users excluded.
_/Estimate by Bureau staff.
_/One per cent random sample of Student Directory checked against Boulder
Telephone Directory. Of the 12,539 names in the Student Directory, an estimated
6,531 were not included in the Telephone Directory while an estimated 6,007 were.
Of those not included in the Telephone Directory, a full count of the Student
Directory revealed 931 commuting to Boulder from outside the Boulder area, an
estimated 4,000 lived in dormitories and an estimated 1,600 were not in the
Boulder Directory for various other reasons.
_/Part-time married students includes all married students carrying five
hours or less of academic work. Estimated as 80 in 1963 from information con-
tained in Lomako, e__tta__l.
_/Estimate furnished by Telephone Company official
oS/Telephon e users assumed to be 97 per cent of total households consistent
with Mountain States Telephone and Telegraph Company estimates.
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Method 2
Estimated total population Boulder area 1963
Less: Population "Student Ccamnunity" -- Fall term 1963
(A) (B)
55,oolo -°/
14,647
(b)
"Student Coufnunity" = Single students + married students (average student family size
CO) (D)
- part-time single residents - commuters
(E) (e)
- part-time married students (average student family size)
= A + Bb - C - D - Ee
A ffiTotal Fall term enrollment -- married students
ffi 12,538 " 2,60 10_/ ffi 9,938
B ffi 2,600 - 19512/ = 2,405
b ffi 2.7513/ and Bb ffi 6,614
Total part-time 14/ students -- Fall term 1963 = 771
I--O/The Boulder Chamber of Commerce estimated the "Greater Boulder" popu_-
tlon at 53,500 in January 1963 and 57,000 in January 1964. The population at
mid-year 1963 was assumed to be 55,000.
i--I/The Lomako, e__tal, report notes 2,503 married students registered in the
Fall of 1962. The figure of 2,600 here is an estimate based on increasing en-
rollment and a rising per cent of married students. The 2,600 figure includes,
as does the Lomako figure, those cases where both husband and wife regis_red --
187 cases in the Fall of 1962.
1?==/Duplicates -- both husband and wife registered; 187 has been increased
to 195 to reflect 1963 growth.
13/Average student family size determined from data in Lomak% e__ta_l, report.
1&.__./Part_time students are all students carrying five hours or less as an
academic class schedule.
Method 2 (cont.)
0 8515/c= . -- (771)= 655
D = 93116/
P-- 0.15 (771)= 116 l_!/
e = 2.75 (same as b)
Ee = 2.75 (116) = 319
Total population "student community" = 9,938 + 6,614 - 655 - 931 - 319
= 14,647
Estimated total non-student population Boulder area 1963 = 40,353
Assume 3.5 persons per household - 40,353/3.5 = 11,529 households
Total number non-student respondents
609 (x) = 11,529
x = 18.93
Non-student expansion factor (Method 2) = 18.93
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609
15/
-- The Lomako report shows that part-time married students are not as numer-
ous as part-time single students. They reported that of a total of 605 part-time
students in 1962, only 104 were married. Thus, it is assumed here that only 15
per cent of the part-time students are married.
l-_6/From a count of commuters reported in the 1963-64 Student Directory.
l--_7/Seefootnote 7.
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APPENDIX I-IV
TRANSITORY INCOME IN BOULDER, 1963
Transitory Income _I/
Receipts of transitory income -- Over 20 per cent of the non-student respon-
dents to the household survey reported receipts of transitory income. This in-
come amounted to almost 20 per cent of the recipients' total reported income, and
a little over four per cent of all respondents' reported income. Table IV-I re-
ports the amount of income received by all respondents compared to the transitory
income and total income of transitory income recipients.
APPENDIX TABLE IV-I
TRANSITORY INCOME RECEIPTS
Total
Mean
Median
Transitory receipts
as a per cent
All respondents Transitory income recipients
Total Total Permanent Transitory
income incom.._.__._e income income
5,861,998 1,354,204 I,I07,554 246,650
9,803 10,337 8,455 1,883
8,456 8,371 8,000 200
4.2Z 19.7Z 24.0Z
Use of transitory income -- Transitory income recipients invested the bulk
of their unexpected income. Over 90 per cent of total transitory income receipts
were allocated to investment uses (see Table IV-2 for a detailed account of the
uses of transitory income). It is noteworthy that, in terms of frequency, most
!/Conrad Doenges, Transitory Income and Its Use, unpublished PhD. disserta-
tion, School of Business, University of Colorado, (1965) p. 233.
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recipients reported using the income for "regular consumption, no special use."
This suggests that the larger transitory income receipts were allocated to in-
vestment while the smaller receipts of a large number of recipients were used to
supplement ordinary consumption expenditures.
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APPENDIX l-V
Machinery, (Non-Elecfrlcal)
Electrical Machinery
Professional, Scientific & etc.
All Other Manu{=¢tuHng
Space Industry
Space Related Industry
Municipal Gov't.
County Gov't.
University of Colorado
All Other State Gov't.
All Other Income
N.A.S.A.
LOCAL IMPACT STUDY
RECAPITULATION SHEET
R.sale
Purchases
Only
43 44
!
!
All Opersfing
Purchises
49 SI
Ii
II
All Oper_rting
Expenses
(exclud;ng purchases)
! I
i ' i
,i
Ii i
I
I
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I
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I
1
I
I
I
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APPENDIX I-VI
THE DIRECT EFFECTS OUTSIDE BOULDER OF AN INCREASE IN SALES
TO FINAL DEM#R_D BY THE BOULDEE SPACE SECTOE
The direct, indirect and induced effects on the Boulder economy of a new
contract award in the space sector were discussed in Chapter V. But the total
effects of such an expenditure do not stop at the boundaries of the local economy.
Unfortunately, the total effects outside Boulder cannot be estimated because of
the absence of data on Inter-lndustry transactions comparable to those in the
Boulder input-output table. The direct effects can be estimated, however, on
the assumption that the pattern of imports in the 1963 Boulder table is relatlve-
ly stable -- a reasonable assumption in the short-run.
Direct import coefficients can be calculated for each of the areas outside
Boulder identified in the Input-output table (Table IV-l); that is, the Denver
Metropolitan Area, the rest of Colorado, and the "rest-of-the-world." These
coefficients can be used to estimate the direct increase in imports from each of
the "outside Boulder" areas by the following relatlonshlp: The sum of (the
entries in the space sector row of Table V-13) x (the import coefficlent of each
area) x ($9 mi11Ion). This will give the increase in imports from each of the
three outside areas, and if these are summed the result is the total direct
impact outside Boulder. This has been estimated to be more than $3.2 milllon,
and the details for each of the outside sectors are given in the followln 8 table.
165
APPENDIX TABLE VI-1
DIRECT EFFECTS ON AREAS OUTSIDE BOULDER AS THE RESULT OF A $9 MILLION INCREASE
IN SALES TO FINAL DEMAND BY THE BOULDER SPACE SECTOR
Industrial Sector
(1) (2) (3) (4)
Direct,
indirect
and Type IIl Imports from Imports Imports
induced Denver from from
rest-od_-production a/ Metropol_an rest of . /
requirements- Area =' Colora_ / worl
Extractive (agriculture & mining) $
Manufacturing
Food & kindred products
Furniture & fixtures
Printing & publishing
Stone, clay & glass products
Machinery (non-electrical)
Professional & scientific
All other manufacturing
Space
Space-_elated
Trade
Automotive dealers
Gasoline service stations
Eating & drinking
Food stores
Lumber, building materials
& hardware
General merchandise
Apparel & accessories
Furniture & appliances
All other fetal1
Wholesale
Services
Professional
Lodging
Real property rentals
Other rentals
Ali other services
Contract construction
Transportation
Utilities
Finance, insurance & real estate
University of Colorado
Local government
Total
17,532 $ 2,016 $ 6,522 $ 3,208
31,583 3,253 3,758 3,285
7,565 3,790 53 250
92,262 15,777 - 6,920
4,648 2,157 84 60
572 93 1 206
99,145 16,954 3,668 26,670
9,478 910 19 2,967
9,000,090 711,007 18,000 1,566,016
136,369 14,591 1,364 23,455
47,018 2,492 235 7,053
20,645 2,333 41 268
102,052 45,209 1,225 8,572
51,760 1,605 52 2,536
10,335 1,240 10 2,036
39,712 4,329 502 2,693
21,193 1,865 339 1,038
26,958 1,456 27 728
79,563 3,421 159 2,864
31,959 1,566 543 1,598
97,585 13,467 195 1,952
2,821 384 8 135
539,282 93,296 " 4,314
32,716 8,310 2,552 4,515
266,656 51,465 2,133 40,532
32,010 9,443 480 2,657
199,953 36,391 2,799 10,598
362,010 85,072 9,774 52,491
197,113 35,283 10,447 35,283
212,280 53,070 2,123 24,624
193,757 63,552 969 1,163
$11,967,422 $ 1,285,797 $ 68,082 $ 1,840,687
_/Each entry in row 9 of Table V-13 times $9 million.
_/Column I x _mports from Denver Metropolitan Area d- TGO (minus inventory
depletlons) 3
K/Column 1 x _mports from rest of Colorado _TGO (minus inventory depletlons)_
_/Column I x _mports from "rest-of-the-world" q- TGO (minus inventory depletions)_
